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To  His  Honob  Williah  Mobtiiceb  Gulbk,  Etc.,  Etc.,  Ere, 

Lieutenant'Oovemor  of  the  Province  of  Ontario. 

BuL, — I  have  the  honor  to  transmit  herewith  for  presentation  to  the  Legislative 
Assemblyy  the  Fourteenth  Report  of  the  Bureau  of  Mines. 

I  have  the  honor  to  be,  Sir, 

Your  obedient  servant, 

J.  J.  FoY, 

Commissioner  of  Crown  Landt. 
Dbpabtmbmt  of  Cbowk  Lands, 
ToBOMTo,  6th  Apbil,  1905. 
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To  riiK  Honorable  James  Joseph  Fot, 

Commissioner  of  Crown  Lands, 

Sir, — I  beg  to  submit  to  you  herewith,  to  be  presented  to  His  Honor  the  Lieuten- 
ant-Governor, the  Fourteenth  Annual  Report  of  the  Bureau  of  Mineu. 

The  Report  consiste  of  three  parts,  which  are  printed  separately,  namely : 

Part  I.,  containing  statistics  of  the  mineral  production  of  the  Province  for  the  year 
1904,  reports  by  the  Inspectors  of  Mines  on  the  working  mines  of  Western  and  Eastern 
Ontario/ papers  on  Petroleum  and  Natural  Gas,  and  the  Cement  Industry  of  the  Pro- 
vince, reports  of  exploration  parties  on  special  mineral  districts,  and  other  iiiforma- 
tion  relating  to  the  mineral  resources  and  mining  industries  of  the  Province. 

Part  II.,  a  description  of  the  silver-cobalt-nickel  ores  of  Lake  Temiskaming.  by  Prof. 
W.  G.  Miller,  Provincial  Geologist,  supplementary  to  the  account  published  in  the 
Bureau's  Thirteenth  Report. 

Part  III.,  a  monograph  on  the  Sudbury  Nickel  Region  by  Dr.  A.  P.  Coleman,  who 
spent  the  field  seasons  of  1902,  1903  and  1904  in  the  nickel  district,  and  whose  descrip- 
tion covers  the  whole  of  that  important  mineral  area,  including  both  the  southern  and 
northern  ranges. 

All  three  Parts  are  accompanied  by  geological  and  other  maps  illustrating  the  terri- 
tcry  and  subjects  dealt  with. 

I  have  the  honor  to  be,  Sir, 

Your  obedient  servant, 

Thos.  W.  Gibson, 

Director. 
Office  of  tfie  Bureau  of  Mines, 

Toronto,  5th  April.  1905. 
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Part  I 


Statistical  Review 

1  summarizeB  the  output  of  the  mines  and  metallurgical  works  of  the  Province 
)  for  the  calendar  year  1904.  It  will  be  seen  that  the  total  value  is 
7,  a  decrease  as  compared  with  1903  of  $1,297,946,  mainly  accounted  for 
minisbed  yield  of  the  nickel  field,  where  one  of  the  plants  was  closed  for 
e  year,  and  the  other  was  being  rebuilt  on  a  larger  and  more  modera  scale. 
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A  comparison  of  the  foreg  ing  table  with  those  given  in  former  years  will  disclose 
the  fact  that  tho  mineral  products  of  Ontario^  already  numerous  and  varied,  are 
growing  steadily  in  number  and  variety.  Three  metals  find  a  place  in  the  output  of 
1904  which  were  wanting  in  1903,  namely  platinum,  palladium  and  cobalt.  The  first 
two  of  these  are  new  entrants,  and  are  to  be  credited  to  the  Sudbury  nickel  field,  from 
the  mattes  of  which  they  are  obtained  as  bye-products.  Further  comment  is  made 
on  these  metals  on  a  later  page.  The  third,  cobalt,  does  not  make  it  first  appearance 
in  1904,  but  has  been  absent  from  the  list  since  1894.  Like  the  other  two  it  is  found 
in  the  nickcliferous  pyrrhotite,  but  until  last  year  no  returns  of  its  recovery  were 
received  at  the  Bureau  since  the  Dominion  Mineral  Company  ceased  operations  some 
ten  years  ago.  But  a  much  more  prolific  source  of  cobalt  has  been  opened  up  in  the  silver- 
cobalt-nickel-arsenic  veins  of  Coleman  township,  whose  riches  in  silver  and  cobalt 
stamp  the  discovery  of  these  deposits  as  one  of  the  most  important  events  in  the 
history  of  the  mining  industry  of  Ontario,  or  indeed  in  that  of  the  Dominion. 

The  following  columns  show  clearly  how  this  expansion  in  the  variety  of  the 
mineral  products  of  the  Province  has  gone  on  during  the  10-year  period  from  1895 
to  1904. 

Metals 

1695  1904 

$  $ 

Silver nil  111.867 

Platinum nil  10,452 

Palladium nil  18,564 

Cobalt nil  36.620 

Iron   Ore nil  108,068 

Pig   Iron nil  1.811,664 

Steel nil  1.188.349 

Lead  Ore nil  11,000 

Pig   Lead nil  2,500 

Zinc  Ore nil  3,700 

Non-Meta!s 

Actinolite nil  102 

Arsenic nil  903 

Carbide  of  Calcium nil  152,295 

Corundum nil  150,645 

Feldspar nil  21,966 

Graphite nil  4,700 

Iron  Pyrites nil  43,716 

Talc nil  2,919 

Thus,    ton  metallic  and   eight   non-metallic  substances   find  a   place   in  the  outp^ 
cf  1904  which  were  lacking  in   1895,    only  some  four  or  five  of  which,  such  as  sil^^^' 
cobalt,  iron  ore  and  pig  iron  had  ever  before  been  raised  or  produced  in  the  Provin^^* 

Tho  total  number  of  substances  combining  to  make  up  the  mineral  production    ^. 
Ontario  is  thirty-seven,   ten    of    which    may   be   classed    as    construction   materials, 
comparison  with  our  sisJter  mining   Provinces,  Nova   Scotia   and  British   Columbia,    ^ 
this  respect,  shows  that  in  the  official  tables  of  the  former,  eleven  products  and  in  *^*^ - 
latter,  six,  exclusive  of  the  building  materials,  make  up  tho  list.     In  each  case  coal  »^ 
gold  coTistituto  I   large  part  of  the  output.     This  brief  reference  will  make  it  plain  h<^'^ 
different  are  the   conditions   of  the   mining  industry  here   from    those  surrounding      *' 
on  the  Atlantic  and  Pacific  coasts,   and  will  also   convey   some   idea  of  the   difficultly^ 
attending  the  endeavor  to  procure  correct  and  complete  statistics  of  the  mineral  pr^^ 
duction   of  th^s   Province. 

Table  II  is  a  comparative  schedule  giving  the  value  of  the  several  mineral  pro^"^ 
ducts  for  the  last  five  years,  and  enables  the  progress  of  the  various  departments  "^ 
the  industry  to  be  traced  from  year  to  year. 
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Table  if.— Mineral  Production  1900  to  1904 
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GOLD 


Dealing  briefly  with  the  figures  of  the  several  products  as  given  in  Tables  I  and  II, 
'  is  first  to  be  remarked  that  th  yield  of  gold  has  again  suffered  a  heavy  decline  as 
^i^:x pared  with  the  previous  year,  when  (the  production  was  smaller  than  in  1902.  The 
•''^^test  output  of  gold  in  this  Province  was  in  1899,  when  it  had  a  value  of  $424,568. 
^is  was  when  the  excitement  in  the  Lake  of  the  Woods  and  Rainy  Lake  regions  had 
**i  to  the  erection  and  operation  of  a  large  number  of  stamp  mills  to  test  the  auriferous 
^^rtz  veins  of  those  districts.  In  many  cases  results  not  being  tl^  to  expectation.^^ 
'^ci  in  others  funds  raised  by  the  sale  of  non-assessable  stock  having  been  exhausted 
^^ore  the  mine  was  placed  on  a  paying  basis,  the  outcome  of  the  venture  was  tho 
-^^^^ing  down  and  virtual  abandonment  of  the  property.  Too  often  tho  result  was 
"^'wght  about  or  hastened  by  the  incompetency,  or  worse,  of  the  management. 

Bullion  was  produced  last  year  in  an  experimental  way  at  half-a-dozen  propertlo.s 
^^  Xake  of  the  Woods,  Eagle  lake  and  elsewhere,  and  on  a  slightly  larger  scale  at  tho 
^^tana.  Sunbeam  (or  A  L  282)  and  St.  Anthony  Reef  mines,  while  a  good  deal  of 
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development  work  was  carried  on  not  only  at  the  properties  mentioned,  but  also  at- 
'Jic  Laurentian  and  Vc^canic  Reef  mines  on  lake  Manitou,  at  the  Golden  Horn  on 
Rush  bay,  by  the  Northern  Light  Mines  Company,  the  Camp  Bay  Mining  Ck>mpany, 
the  Eldorado  Mining  Company  and  others. 

In  eastern  Ontario,  the  only  gold  ajiddl'y  obUined  was  by  the  Cook  Land  Cm* 
rcny,  near  Marmora.  Belmont  a/id  Deloro  nv  ^ro  idle,  but  there  are  hopes  of  resan  fn^^ 
work  at  both  places.  The  Craig  mine  is  being  re-opened,  and  a  new  property,  the 
Star  of  the  East  in  Barrie  township,  is  under  dervelopment.  For  the  first  time  re- 
turns were  made  of  tne  recovery  of  small  quantities  of  gold  and  silver  from  the  mattes 
of  the  Sudbury  nickel  district.  Some  attention  is  being  paid  to  the  placer  ground 
on  the  upper  Vermilion  ri*cr,  with  the  view  of  putting  a  dredge  at  work  if  the  gold 
found  in  the  immense  gravel  deposits  of  that  region  is  ascertained  to  be  present  in 
payable  quantity. 

The  output  of  gold  and  other  details  of  the  mdustry  for  iLo  last    fivo  years  are 
given  in  the  following  table: 

Qold   Mining   1900  to   1904 
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SILVER 

Hitherto,  practically  all  of  the  silver  produced  in  Ontario  has  come  from  th«- 
lake  Superior  region.  The  typical  mine  of  this  district  was  Silver  Islet,  a  tiny  rock 
lying  off  a  bold  peninsula  now  forming  the  Sibley  fownsbip  forest  lese-^o,  where 
Thomas  Macfarlane  in  1868  discovered  silver  ore  rich  in  large  nuggets  and  smaller 
disseminated  particles,  and  whence  by  working  with  crowbars  under  the  water  ha 
obtained  the  first  shipment  of  1,336  lb.  of  ore,  the  assay  of  which  was  2,087  ounces 
Troy  per  long  ton.  From  first  to  last  about  $3,500,000  worth  of  silver  was  extracted 
from  Silver  Islet  mine.» 

The  rich  veins  of  this  mine  and  of  other  valuable  silver  mines  which  were  opened 
up  at  a  later  date  in  the  district  west  of  Port  Arthur,  in  an  area  of  similar  geologicnl 
features,  traversed  the  slates  of  the  Animikie  formation,  and  this  fact  is  of  interest 
in  relation  to  the  latest  of  the  silver  fields  of  this  Province,  that  now  being  energet- 
ically developed  in  the  township  of  Coleman  on  the  Temiskaming  and  Northern  Ontario 
Railway.  Here  the  lodes  occur  in  the  slate  breccia,  and  so  far  have  not  been  found 
either  lying  in  or  extending  downwards  into  any  of  the  associated  or  underlying  form- 
ations. It  is  noticeable,  too,  that  to  a  marked  extent  the  assemblage  of  minerals  ;s 
similar,  including  cobalt,  nickel  and  arsenic,  though  the  development  of  these  in 
Coleman  appears  to  be  greater  than  it  was  in  Silver  Islet.  The  veins  are  narrow,  but 
exceedingly  rich,  and  the  aggregate  output  of  the  properties,  from  present  appear- 
ances, may  easily  equal  if  Bot  surpasi  in  value  the  yield  of  Silver  Islet,  notwith- 
standing that  the  price  of  silver  now  is  less  than  half  what  it  was  25  or  30  years  ag^D. 


1  See  the  Story  of  Silver  lelet  Sixth  Bep.  B.  of  M.  pp.  125*158.   Mr.  Macfarlane.  one  ofthe  band 
of  early  geologistB,  which  included  also  Logan,  Hunt,  Murray  and   Bell,  that  did  saoh  yeoman 
service  in  laying  the  founda.tion8  of  Ganadian  geology,  is  like  the  last  mentioned,  still  in  har- 
nesg,  though    having  transferred   his   allegiance   from   geology    to    chemistry.       Mr.   Macfarlane 
now  fills  the  position  of  Ohief  Analyst  to  the  Department  of  the  Interior,  Ottawa. 
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All  the  silver  produced  in  1904  came  from  the,  mines  of  Coleman  township,  save 
a  small  quantity  extracted  from  the  Sudbury  nickel-copper  mattes.  The  output  was 
206,875  ounces,  valued  at  $111,887.  The  producing  properties  were  the  Larose,  owned 
by  Messrs.  Timmins,  Dunlap  and  McMartin;  the  Chambers-Fcrland  properties,  includ- 
ing Cobalt  Hill  and  the  Little  Silver  mine,  now  owned  by  the  Nipissing  Mining  Com- 
pany, Limited,  New  York,  of  which  Mr.  Ellis  P.  Earle  is  the  head;  the  New  Ontario 
owned  by  Mr.  W.  G.  Trethowey  of  Toronto;  and  the  McK^nley-Darragh,  of  which 
Messrs.  Gorman  &  Co.  of  Ottawa,  otherwise  the  Cobalt  and  Silver  Mining  Company, 
are  proprietors.  The  ore  was  all  sold  to  Mr.  E.  P.  Earle  and  delivered  to  him  at  New 
York.  Some  of  the  shipments  carried  very  high  values,  several  20-ton  carlots  netting 
as  much  as  $37,000  or  $38,000,  the  main  returns  being  from  the  silver,  though  the 
other  constituents,  cobalt,  nickel  and  arsenic,  each  contributed  to  the  result.  Pro- 
duction has  been  going  on  at  an  increasing  rate  since  the  close  of  the  year,  and  for  the 
first  six  months  of  1905  the  ore  shipped  yielded  1,128,212  ounces  of  silver,  valued  at 
$595,974.  Several  other  properties  have  also  been  opened  up  in  1905  from  some  of 
which  shipments  have  been  made. 

The  new  camp  enjoys  first-rate  shipping  facilities,  since  the  Temiskaming  and 
Northern  Ontario  Railway  runs  directly  through  it,  and  a  station  called  Cobalt  has 
been  established  on  the  shore  of  a  lake  of  the  same  name  within  easy  distance  of  the 
chief  producing  properties.    The  freight  rate  from  Cobalt  to  New  York  is  $7  per  ton. 

For  a  fuller  account  of  the  geology  and  mineralogy  of  this  interesting  and  impor- 
tant field,  reference  should  be  had  to  the  report  of  Prof.  W.  G.  Miller,  Provincial 
Geologist,  published  as  Part  II.  The  geological  map  of  the  area  accompanying  the  report 
was  issued  in  advance,  and  has  been  in  active  demand  from  prospectors  and  others. 

Considerable  prospecting  was  done  in  the  neighborhood  of  the  original  finds 
during  the  season  of  1904,  and  several  fresh  discoveries  were  made,  but  so  far  no  new 
fields  of  like  kind  have  been  located  in  the  extensive  regions  of  slate  conglomerate  :n 
the  neighborhood  of  lake  Temagami  and  on  the  Montreal  river.  A  great  deal  of  the 
territory  is  covered  by  green  timber,  including  much  valuable  pine,  consequently  pros- 
pecting must  be  carried  on  carefully,  and  is  slow  and  tedious  work. 


Silver  Mining  1900  to  1904 


Schedule 


Ore  raised tons. 

Ore  stami)ed '• 

Bullion  product or.. 

Value  of  bullion $ 

Average  men  above  grround No. 

"     underground *• 

Wages  paid  for  labor f 


12.500 

11,000 

6.250 

8.000 

7.560 

6,250 

lfiO.612 

151.400 

96.66<i 

96,367 

84,830 

58,000 

•20 

30 

25 

30 

35 

25 

24,000 

29,500 

36,000 

3.400 

3.360 
16.688 

8.949 
12 
20 

8,000 


158 

158 

206,875 

111.887 

29 

28 
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PLATINUM 

It  has  long  been  known  that  platinum  occurs  in  association  with  the  nickcl-coppe" 
ores  of  the  Sudbury  region,  mainly,  it  is  believed,  as  the  arsenide  sperrylite,  so  called 
after  Mr.  F.  L.  Sperry,  who  in  1889  first  isolated  it  from  the  gossan  of  the  Vermilion 
mine.3  It  is  also  found  in  the  ore  of  the  Victoria,  Copper  Cliff  and  other  mines  of  th3 
region,  varying  from  almost  inappreciable  quantities  up  to  3  dwt.  and  even  over  7 
dwt.  per  ton  of  ore,  in  proportion,  apparently,  to  the  percentage  of  chalcopyrite  present. 
But  the  fact  that  platinum  has  been  recovered  from  Sudbury  ores  as  part  of  their 
commercial  treatment  has  only  recently  been  made  public,  and  the  successful  extrac- 
tion of  quantities  so  minute  is  a  tribute  to  the  perfection  at  which  modern  metallur- 


a   lit   Bep.    B.   of  M.   pp.   91.  92;    alio   7th   Rep.   p.    142,    12th  Bep.  pp  272,  282,  283;  and  othek 
rsferencM. 
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gical  processes  have  arrived.  By  far  the  greater  portion  of  the  world's  supply  lI 
platinum  is  derived  from  alluvial  deposits,  the  Ural  mountains  in  Russia  being  tha 
chief  source,  but  it  is  found  also  in  New  South  Wales,  California,  British  Columbia, 
the  Yukon,  and  many  other  parts  of  the  world,  in  association  with  placer  gold.  It 
can  probably  be  claimed  that  Ontario  furnishes  the  first  instance  of  solid  ore  being 
regularly  treated  for  the  recovery  of  platinum. 

The  yield  of  this  raro  metal  for  1904  is  returned  at  530  ounces',  which  at  $19.50 
per  ounce,  had  a  vahie  of  $10,452.  In  1902  and  1903  the  quantities  obtained  were 
considerably  larger,  being  for  the  former  year  2,375  ounces,  and  for  the  latter  1,710 
per  ounce,  had  a  value  of  $10,452.  In  1902  and  1903  the  quantities  obtained  wev 
considerably  larger,  being  for  the  former  year  2.375  ounces  and  for  the  latter  1,710 
ounces,  of  the  value,  at  the  above  price  per  ounce,  of  $46,312  and  $33,345  respectively. 
The  yield  of  platinum,  therefore,  from  the  ores  of  Ihe  Sudbury  district  for  the  last 
three  years,  before  which  little  or  none  was  obtained,  was  as   follows: 

Quantity  Va'ne 
on  noes  $ 

1902......      2,375  46.312 

1903 33.345 

1904......     536  10,452 


Total 4,621  $90,109 

The  abovo  quantities  were  recovered,  not  only  from  the  mattes  treated  during  the 
respective  years,  but  also  from  the  residues  or  accumulations  of  several  years,  so  that  no 
data  exist  for  estimating  the  tonnage  of  the  ore  from  which  they  were  taken,  or  how 
much  was  obtained  from  (the  matte  in  affiy  one  year.     It  is  stated,  and  no  doubt  cor- 
rectly, that  if  the  mattes    had  to  be    treated    solely    for  the    purpose  of  winning  the 
platinum  and  other  bye-product  metals — details  of  the  production  of  which  are  given 
under  their   respective  headings — the  process  would  bo  an   unprofitable  one,  and  they 
would  not  be  recovered  at  all,  but  as  very  much  of  the  manipulation  is  necessary  for 
extracting    the    nickel    and    copper,    which    provide    the    chief    values,    the    subsidiary 
metals,   comprising  gold,   silver,   platinum,  palladium   and   cobalt,   can   be  obtained  at 
a  profit. 

The  prospects  of  the  Sudbury  ores  furnishing  a  steady  supply  of  platinum  from 
this  time  forward  arc  however  not  hopeful,  for  the  reason  that  until  the  last  year 
or  two  most  of  the  ore  raised  by  the  principal  producer,  the  Canadian  Copper  Company, 
came  from  the  Copper  Cliff  group  of  mines  rich  in  copper,  but  somewhat  less  rich  in 
nickel,  while  now  almost  the  whole  of  the  ore  smelted  by  that  Company  is  taken  from  the 
L-reighton  mine,  which  is  unusually  high  in  nickel,  but  comparatively  low  in  copper. 
As  the  platinum  appears  for  the  most  part  to  bear  company  with  the  copper,  the  yield 
may  be  expected  to  bo  small,  so  long  as  the  Creighton  oro  continues  to  be  exclusively 
used.  It  may  be  added,  as  illustra"iiiig  the  comparative  scarcity  of  platinum,  that  iv 
British  Columbia,  the  only  other  Province  in  Canada  yielding  this  metal,  the  quantity 
obtained  last  year  was  only  35  ounces. 

PALLADIUM 

Palladium  is  another  of  the  rarer  metals  which  appears  on  the  list  of  Ontario 
productions  for  the  first  time  in  1904.  its  source  is  also  in  the  nickeliferous  pyrrho- 
tites  of  Sudbury — ^thoso  remarkable  ores  from  which  no  less  than  seven  different  metals 
are  obtained :  nickel,  copper,  cobalt,  gold,  silver,  platinum  and  palladium,  and  from 
which  two  other  useful  substances,  one  a  metal  and  the  other  a  non-metal,  namely  iron 
and  sulphur,  are  eliminated  only  to  be  wasted.  The  announcement  that  palladium 
was  being  obtained  by  the  Orford  Copper  Company  at  its  New  Jersey  works  from 
Sudbury  matte  was  made  by  Dr.  Joseph  Wharton,  Sc.  D.,  LL.D.,  in  an  address 
delivered  in  April,  1904,  before  the  American  Philosophical  Society,  and  published 
in  Vol.  XLIII  of  the  Proceffdings  of  that  body.    Dr.  Wharton  points  out  that  although 
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palladium  belongs  to  the  platinum  group  of  metals,  it  is  in  some  respects  nearly  related 

also  to  silver,  its  atomic  weiglit  and  specific  gravity  being  respectively  about  107  and 

11.4,  while  the  corresponding  figures  for  silver  are  108  and  10.6.     In  its  high  melting 

point,  however,  of  1500*^0.,   it  approaches  more  nearly  to  platinum,   which  melts  at 

17oO®C.,  and  in  color  its  grayish-white  resembles  the  color  of  platinum  more   nearly 

than  that  of  silver.     He  adds: 

'^Palladium  has  long  been  known  to  occur  native  in  company  with  platinum,  and 
also  alloyed  with  gold  in  the  Brazilian  mineral  porpezite,  which  contains  about  5  to 
10  per  cent,  of  it.  That  it  occurs  in  notable  quantity  in  the  nickeliferous  pyrrhotito 
of  Canada  is  an  important  recent  observation.  Both  platinum  and  palladium  probably 
exist  to  a  greater  or  less  extent  in  all  the  many  deposits  of  nickeliferous  pyrrhotito 
throughout  the  world ;  certainly  in  those  of  Norway  and  Sweden,  and  particularly  in 
every  one  of  the  numerous  deposits  of  that  mineral  which  are  found  in  the  Laurentian 
and  Huronian  rocks  surrounding  the  little  town  Sudbury,  in  the  Province  of 
Ontario,  Canada.  The  quantity^  however,  is  extremely  small,  varying  from  a  mere 
trace  to  one  or  more  ounces  per  ton ;  the  average  for  each  metal  being  about  one 
hundredth  of  an  ounce  per  ton  of  ore,  platinum  and  palladium  usually  being  present 
in  approximately  equal  parts.  Yet,  though  known  to  exist  in  many  parts  of  the  world, 
palladium  has  not  been  diligently  sought  for,  because  there  was  until  recently  no  con- 
siderable demand  for  it;  the  re-working  of  platiniferous  residues  from  the  mints  of 
several  countries  having  supplied  most  of  that  which  appeared  in  commerce.  The 
prevailing  scarcity  of  platinum  is  now  directing  attention  to  palladium  as  a  practicable 

substitute  for  some  purposes The    form    in    which   palladium    there 

[i.  e.  in  the  Sudbury  ores]  occurs  has  not  been  detected,  for  owing  to  its  minute 
quantity  and  the  consequent  diflBculty  of  isolating  it,  none  has  yet  been  directly 
observed  in  any  ore  of  that  region ;  since,  however,  platinum  occurs  there  as  arsenidt 
in  the  interesting  mineral  sperrylite  (PtAs2),  palladium  may  exist  in  similar  com 
bination,  though  none  has  been  observed  in  any  specimen  of  sperrylite  that  has  beer, 
examined  " 

The  uses  of  palladium  are  enumerated  by  Dr.  Wharton  as  follows: 

**1.  For  the  mechanism  of  delicate  instruments,  such  as  chronometers,  and  foi 
verniers,  etc.,  of  astronomical   instruments. 

**2.   For   surgical   instruments. 

**3.  For  plating  searchlight  mirrors.  Why  not  for  the  mirrors  of  reflecting  tele- 
scopes  ? 

**4.  For  alloying  with  silver  to  make  dental  plates,  etc.,  instead  of  the  two-third«» 
silver  one-third  platinum  hitherto   used  in  Europe.     Also  as  palladium   amalagam   for 

fillings  in  cavities  of  teeth. 

'*Other  uses  will  naturally  arise  as  men's  minds  are  turned  toward  this  metal 
wkich,  while  in  many  respects  equal  to  platinum,  sells  for  no  more  than  the  price  hj 
weight  of  that  metal,  and  of  course  therefore  for  much  lass  than  that  by  bulk;  thj 
specific  gravity  of  platinum  being  variously  stated  as  17  to  19,  and  that  of  palladium 
as  11.4  to  11.8.  It  would  seem  that  palladium  might  be  useful  under  some  circumstances 
for  resistance  wire." 

An  interesting  general  description  of  the  method  of  obtaining  palladium  from  the 
matte  is  given  by  Dr.  Wharton,  though,  as  he  states,  he  purposely  refrains  from  giving 
all  details  of  the  various  stages  of  the  process.     He  says: 

"The  concentrated  matte  is  treated  for  separation  of  copper  from  nickel,  which 
is  effected  by  repeated  melting  with  nitre  cake  and  coke  in  cupola  furnaces.  The 
coke  converts  the  nitre  cake  into  sodium  sulphide ;  when  the  charge  is  run  ojit  of  th« 
furnace  and  cooled  it  separates  easily  into  two  parts,  the  bottoms  containing  prac- 
tically all  the  nickel,  the  tops  consisting  of  sodium  sulphide  and  copper  sulphide ;  the 
fold  and  .silver  going  with  the  tops,  the  platinum-group  metals  going  with  the  bottoms. 
n  the  refining  processes  that  follow,  palladium  is  obtained  as  a  slime,  carrying  about 
a  thousand  times  as  much  palladium  proportionally  as  did  the  original  oro,  carrying 
also  the  other  platinum-group  metals,  and  the  gold  and  silver.  This  palladium-bearing 
slime  is  melted  and  refined  in  a  small  roverberatory  furnace,  from  which  it  is  ladled 
out  into  cold  water,  forming  shot  which  are  charged  into  small  leaden  towers,  into 
the  top  of  which  hot  dilute  sulphuric  acid  is  run.  Palladium  and  the  other  preciou*; 
metals  being  electro-negative' to  the  base  metals,  a  galvanic  action  now  takes  place  in 
which  nickel,  copper  and  iron  dissolve  rapidly,  leaving  palladium  in  a  black  mud  con- 
taining two  per  cent,  or  more  of  that  metal.  If  this  residue  still  contains  much  copper. 
Chat  is  mostly  eliminated  by  further  treatment  with  hot  sulphuric  acid  until  the  stuff 
contains  about  25  per  cent,    of   palladium,   when   it   is   treated   with   aqua-rcgia,  thu< 
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dissolving  all  the  platinum,  palladium  and  gold.  From  this  solution  plaiiniim  *'a 
precipitated  by  ammonium  chloride.  The  palladium  in  the  filtrate  is  electrolyticall/ 
precipitated  with  a  platinum  anode,  appearing  as  a  dull  gray  metal  which  is  hard  and 
brittle,  peeling  off  easily  from  the  cathode.  It  is  then  dried  and  ignited  in  a  reducing 
atmosphere,  when  it  takes  great  brilliancy  and  becomes  very  soft  and  pliable,  capable 
of  being  worked  into  any  ordinary  form.  I  have,  for  instance,  a  remarkably  ni^e 
teaspoon  made  of  it." 

In  further  exposition  of  the  properties  of  palladium,  Dr.  Wharton  asserts  that 
besides  having  so  very  high  a  melting  point,  and  being  at  the  same  time  both  hard, 
ductile  and  malleable,  palladium  is  so  absolutely  non-corrodible  that  a  sheet  of  it  mav 
hang  for  a  long  time  in  a  laboratory  exposed  to  chlorine  and  hydrogen-sulphide  gases 
^^ithout  losing  its  polish  or  being  tarnished.  He  also  comments  upon  its  wonderful 
power  of  occluding  hydrogen  gas,  being  capable  of  absorbing  as  much  as  1,030  volumes, 
at  which  point  complete  saturation  is  probably  reached.  In  the  occlusion  of  hydro- 
gen, palladium  exhibits  its  affiinity  to  platinum,  which  possesses  a  similar  property, 
^ut  in  a  less  degree. 

Regarding  the  quantity  of  palladium  produced,  Dr.  Wharton  states  that  there 
is  now  a  steady  production  by  the  Orford  Copper  Company  of  more  than  3,000  ouna;s 
annually,  from  approximately  300,000  tons  of  Canadian  ores  treated.  According  to 
the  returns  made  to  this  Bureau,  the  production  for  1904  was  on  a  much  smaller 
scale,  being  952  ounces,  which  valued  at  $19.50  per  ounce,  the  same  price  as  for 
platinum,  was  worth  $18,564.  During  1902  and  1903,  however,  the  output  exceeded 
Dr.  Wharton's   figures,    as  shown  in  the  following  table: 

Quantity  Value 
canoes  $ 

1902 4.411  86,014 

1903 3.177  61,952 

1904 952  18.564 

Total 8,540  $166,530 

Palladium   as   well    ls  platinum   is  found  in   British   Columbia,  the  report   of  the 
Consolidated   Cariboo    Hydraulic    Mining    Company,   Limited,    for   1904,   showing  that 
the  heavy  concentrates  remaining  in  the  sluices   after  cleaning   up  yielded  on   analysis 
61.4  ounces  of  palladium  per  ton,   as  well  as  64  ounces  of  platinum  and  42  ounces  rf 
osmiridium.     The  platinum,  palladium  and  osmiridium  were  found  as  minute  metallic^ 
grains  and  enclosed  in  small  fragments  and  nuggets  of  magnetite  and  chromite.     Th^ 
gold,  silver  and   copper  contents  of  these  concentrates  brought  the  total  value  up  t^ 
$5,993.56  per  ton.3 

COBALT 

As  already  stated,  the  last  production  of  cobalt  from  Ontario  ores  reported  to  th^ 
Bureau  previous  to   1904   was   in   1894,   when   some  34  tons  were  returned,  valued   <it^ 
$1,500.     Inclusive  of  1894  the  total  output  up  to  that  time  appears  to  have  been  30^- 
tons,  worth  $14,613.     In  1904  the  yield  was  29  tons,  worth  $36,620.     This  came  frou*- 
two  sources:    (1)   the  nickel-bearing   ores   of   the   Sudbury  region,    and  (2)   the  silver^ 
cobalt-nickel-arsenides  of  Coleman   township,   already    referred   to    under    the   headiu)^ 
of  silver,  the  latter  producing  a  little  more  than  half.     As  in  the  case  of  platinimi  and 
palladium,  cobalt  has  been  obtained  in  refining  the  Sudbury  mattes  for  the  last  threes 
years,  the  total  quantity  obtained  in  this  time  being  a  little  over  32  tons.    The  material 
treated  during  this  period  consisted  for  the  most  part  of  the  concentrated  matte  made 
at  the  Ontario  Smelting  Works  by  crushing,  calcining   and   re-smelting  the  ordinary 
or  low-grade  mattes  produced  at  the  Copper  Cliff  smelters,  and  doubtless"  residues  from 
mattes  of  the  same  kind  previously  treated  for  nickel  and  copper.     In  re-modelling 
and  modernizing  the  smelting  works    at    Copper    Cliff   after  the   Ontario    plant    was 
(destroyed  by  fire,  Bessemer  converters  were  substituted  for  the  Brown  calciners,  and 

3  Company's  Seventh  Annual  Beport,  published  in  The  Mining  Becord,  Yiotoria,  B.O.,  March, 
1905. 
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in  the  procees  of  converting  the  low-grade  into  high-grade  matte  in  the  Bessemer  con- 
verters, practically  all  of  the  cobalt  is  blown  out  and  wasted;  since  this  metal  oxidizes 
in  the  early  stages  of  the  blowing  process,  along  with  the  iron,  leaving  the  nickel 
and  copper  in  the  matte.  As  both  the  Canadian  Copper  Company  and  the  MonJ 
Nickel  Company  now  produce  Bessemer  matte  exclusively,  the  production  of  cobalt 
from  the  Sudbury  ores  is  likely,  for  the  time  being  at  least,  to  cease.  The  fact  that 
the  cobalt  is  lost  in  the  Bessemer  process  does  not  prove  that  process  to  be  an  uneco- 
rcMnical  one,  since  its  other  advantages  from  a  monetary  point  of  view  are  more  than 
sufficient  to  counterbalance  the  loss  in  this  respect. 

The  extinction  of  this  source  of  supply  of  cobalt,  however,  by  no  means  implies 
the  disappearance  of  cobalt  from  the  list  of  minerals  produced  m  Ontario.  Indeed, 
the  new  resources  of  this  metal  now  being  exploited  in  Coleman  township  are  of  muc!i 
^eater  extent  and  value  as  a  source  of  cobalt  than  the  pyrrhotites  of  Sudbury,  in 
which  it  is  present  in  small  percentages  only.  The  ores  of  Coleman  aie  no  doubt  the 
richest  ores  of  cobalt  now  being  mined  anywhere,  containing  as  they  do  up  to  18  per 
cent,  of  the  metal.  Shipments  from  Cobait  station  during  the  first  six  months  of  1905 
contained  a  total  of  65  t  ns  of  cobalt,  valued  at  $80,560.  The  gross  weight  of  the  ore 
was  891  tons,  the  average  cobalt  contents  being  thus  7.3  per  cent. 

It  is  not  a  little  curious — ^yet  considering  the  natural  affinities  of  the  two  metals, 
not  surprising — ^that  as  Ontario  has  wrested  the  supremacy  trom  the  island  colony  of 
New  Caledonia  in  the  production  of  nickel,  so  also  is  it  now  bidding  fair  to  accomplish 
the  same  result  in  the  production  of  cobalt.     In  fact,   it  may  almost  be  said  that  it 
has  already  done  so,  since  the  price  of  cobalt  which  in  the  Bulletin  du  Commerce,  pub- 
lished in  Noumea,  New  Caledonia,  was  quoted  in  OctoEer,   1904,   at  150  to  160  franos 
per  ton   (2,240  lb.)   for  ore  containing  4  per  cent,   cobalt,   had   in  March   1905,   after 
regular  shipments  from  the  Coleman  veins  had  begun,    fallen  to  100  to    125    francs. 
Nor   is   this   to    be   wondered   at,    when    the   ores    are  compared,    the   New  Caledonia 
product   carrying   4  or  5  per  cent,    cobalt  amd  the   Ontario  ore   16   or   18   per   cent., 
to   say   nothing    of   the   other    constituents,    silver,    nickel     and     arsenic.     The    price 
which  the  cobalt  miners   in  Coleman  receive  for  their   output  in  New   York   is   about 
65  cents  per  lb.  of  cobalt  contents,  or  say  $195  per  ton  (2,000  lb.)  of  15  per  cent,  ore, 
which  compares  with  $29  per  ton   for  4  per  cent,  ore  in   New   Caledonia   in  October, 
1S04,  or  $22  in  March,  1905. 

There  is  no  guarantee,  of  course,  beyond  existing  contracts,  that  these  prices  for 
Ontario  ore  will  be  maintained.  The  demand  for  cobalt  is  a  limited  one,  which  only 
iiew  uses  for  the  metal  or  its  compounds  can  materially  extend ;  and  should  there  bi* 
•^  greater  production  at  any  time  than  the  market  can  absorb,  the  result  must  be  that 
P**ice8  will  fall.  Fortunately  for  the  mine-owners  of  Coleman,  the  majority  of  the 
"^posits  are  worked  chiefly  for  their  silver  contents,  cobalt  being  largely  a  bye- 
product,  consequently  this  metal  could  sustain  a  severe  fall  in  price  without  materially 
effecting  the  prosperity  of  the  camp  or  the  value  of  the  mines.  There  are,  however, 
^^o  or  two  deposits  which  yield  cobalt  with  little  or  no  silver. 

The  working  properties  during  1904  are  the  same  as  those  enumerated  under  tha 
^^*ding  of  Silver,  and  for  greater  detail  the  reader  is  referred  to  the  report  of  the 
*^^vincial  Geologist. 

NICKEL  AND  COPPER 

^8  compared  with  1903  the  output  of  nickel  was  less  in  quantity  by  2,255  tons, 
'^^  in  value  by  $982,321.  The  falling  oflF  has  been  already  explained  as  being  due 
^0  "tile  partial  cessation  of  production  by  the  Canadian  CJopper  Company,  whose  new 
""^^Iting  plant  was  finished  and  put  in  operation  during  the  year,  and  to  the 
*^*^«n8ion  of  the  treatment  of  their  own  ores  by  the  Mond  Nickel  Company.  The 
latter's  Bessemer  converters  were  in    use  part  of  the  year  by   the  Canadian  Copper 
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Company  for  concentrating  the  low-grade  mattes  made  at  Copper  Cliff.  The  Creightoa 
liickel  mine  continues  to  produce  from  its  open-cast  workings  most  if  not  all  of  *h« 
ore  smelted  at  Copper  Cliff,  the  ease  with  which  it  can  be  mined  and  its  high  contents 
of  nickel  having  for  the  present  put  all  the  Company's  other  deposits  in  the  background. 
The  quantity  of  ore  exposed  and  in  sight  at  the  Croighton  mine  is  estimated  as  equal 
to  20  or  25  years'  supply  at  the  present  rate  of  extraction,  which  is  not  far  from 
1,000  tons  per  day.  From  the  several  mines  owned  by  this  company  there  were  raised 
during  1904  the  following  quantities  of  ore: 

Tone 

CJopper  Cliff 14,713 

No.    2 336 

Creighton 169.911 

Total 184,960 

The  Mond  Nickel  Company,  whose  works  are  situated  at  Victoria  Minos,  smelted 
no  ore  last  year,  but  raised  5,935  tons  from  their  Victoria  No.  1  mine,  and  12,493  tons 
from  the  Noi^ch  Star,  a  property  recently  acquired  from  Mr.  A.  McCharles  of  Sudbury. 
This  company  is  making  arrangements  to  re-open  its  mines  and  works. 

None  of  the  other  companies  or  firms  interested  in  the  Sudbury  nickel  district 
engaged  in  active  business  last  year,  and  it  seems  as  if  other  concerns  were  chary 
of  entering  into  competition  with  those  already  established  in  the  field.  Mr.  Thomas 
A.  Edison,  the  famous  electrician  and  inventor,  whose  experts  prospected  the  nickc»l 
belt  with  magnetic  instruments  in  the  hope  of  locating  hidden  or  underground  bodies 
0.1  ore,  has  not,  so  far  as  known,  mot  with  great  success,  but  it  is  understood  therj 
*s  a  likelihood  of  his  re-entering  the  field  and  resuming  operations.  The  northern 
nickel  range,  owing  to  lack  of  railway  facilities,  has  not  yet  become  the  scene  of  actual 
mining.  Should  a  line  be  built  from  Sudbury  or  some  other  point  on  the  Canadian 
Pacific  across  the  northern  range  to  the  iron  ore  bodies  in  Hutton  township,  it  wou^d 
probably  give  life  and  activity  to  both  these  regions,  whose  resources  will  continue 
to  lie  dormant  until  that  day  arrives.  Neither  nickel  nor  iron  mines  can  be  open^ 
up  or  worked  unless  served  by  a  railway. 

One  feature   which   marks   the   development   of   industrial  activity    in    the    nickel 
region  is  the  use  which  is  beginning  to  be  made  of  the  water  powers  with  which  it  h^ 
been  by  nature  lavishly  endowed.     For  instance,  on  the  Vermilion   river  in  Creighton 
township,  at  High  falls  on  the  Spanish  near  Turbine  station,  and  in  Dryden  township 
on  the  Wahnapitae,   three  separate  water  power  developments  are  in  progress  at  tho 
present  time,  each  on  a  considerable  scale,  tho  first  and  last  with  a  view  to  supplyi'** 
the  towns,  villages  and  mines  with  cheaper  power  than  can  at  present  be  obtained  by 
the  use  of  steam,  and  also  no  doubt  in  the  hope  of  assisting  to  locate  in  the  neighbor- 
hood   industrial  enterprises    requiring   considerable    motive   energy,   such   as   pulp   »^^ 

• 

paper  mills,  woodworking  establishments,  etc.  The  privilege  on  the  Spanish  river  '' 
being  improved  by  the  Canadian  Copper  Company  for  supplying  power  to  operate  i^'* 
mines,  provide  electric  lighting,  etc.  Now  that  tho  electrical  transmission  of  energy 
generated  by  falling  water  has  so  immensely  increased  the  Usefulness  of  water  power* 
by  lengthening  the  radius  within  which  they  can  be  used,  it  may  be  expected  tb^t 
similar  developments  will  take  place  in  many  other  parts  of  northern  Ontario,  in  wbic" 
vater  powers,  large  and  small,  are  numerous. 

Tho  quantity  of  nickel  contained  in  the  silver-cobalt-nickel  ores  of  Coleman  town- 
ship shipped  during  the  year  was  14  tons. 

The  following  table  gives  statistics  of  nickel  and  copper  production  for  the  pa^* 
year,  and  for  the  sake  of  comparison,  similar  details  for  the  four  preceding  years: 
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Nickel-Copper  Mining   1900  to   1904 


Schedule 


1900 


►re  nli^^Oil tons.'  216,f.95 

>re  RDielretl "     i  211.9cX) 

)r»linHry  inHttf  produced "     '  23,336 

11  iKh  arrade  matte  produced **  112 

Slekel  contents "  3,540 

:'opiier  content*? "     '.  3.3G4 

Value  of  Nickel  |  7f6,(?2f> 

Value   of  Copper "  319,681 

iVajft-s  imid "  728,946 

Men  employed No.  1,444 


1901 


326,915 

270.380 

29.588 

15.516 

4.441 

4.197 

1,859.970 

589.080 

1,045,889 

2,284 


1902 


269.538 

233.388 

24.6t'l 

13.332 

5,m5 

4,0tl6 

2,210,%1 

616,763 

835,a')0 

1,445 


1903 


152,940 

220,937 

30.416 

14.419 

6.998 

4.005 

2,499.068 

583,«46 

746.147 

1,277 


1904 


203.388 

10.'.844 

19,123 

6,926 

4.743 

2.163 

1,516.747 

297.126 

570,901 

1,063 


The  quality  of  the  Creighton  ore  is  reflected  in  the  figures  given  above,  which  sho**' 
at  the  ore  smelted  contained  an  average  of  4.58  per  cent,  of  nickel,  which  is  1.4*2 
r  cent,  in  excess  of  the  average  contents  of  the  ore  treated  in  1903.  In  fact  ever 
ice  the  rich  product  of  the  Creighton  mine  has  begun  to  be  used  By  the  Canadian 
ipper  Company,  the  average  nickel  contents  of  the  ore  have  appreciably  risen.  Thu«*, 
lile  in  1901  the  ore  contained  on  an  average  1.64  per  cent,  nickel,  in  1902  it  carried 
54  per  cent.,  in  1903  3.16  per  cent.,  and  in  1904,  when  virtually  only  Creighton  ori 
M  used,  4.58  per  cent. 

The  values  given  in  the  foregoing  table  are  based  on  the  selling  prices  of  nickol 
ad  copper  in  the  matte,  in  which  form  the  metals  are  exported  for  refining  in  tha 
nited  States  and  Great  Britain. 

The  productive  copper  mines  of  Ontario  are  the  deposits  of  the  Sudbury  region, 
orked  for  nickel  as  the  chief  object  of  quest,  though  at  the  first  it  was  the  chalcopyrito 
^otrings  at  the  surface  that  attracted  attention.  The  purely  copper  ore  bodies, 
tuated  mainly  on  the  north  shore  of  lake  Huron,  of  which  the  once  famous  Bruce 
ines  is  the  best  known  example,  are  in  the  aggregate  important,  and  will  doubt- 
88  in  time  contribute  more  largely  to  the  output  than  they  do  at  present.  The 
assey  and  Hermina  mines,  near  Massey  Station  on  the  Sault  Ste.  Marie  branch  cf 
e  Canadian  Pacific  Railway,  the  Superior  mine  near  Sault  Ste.  Marie,  and  th  j 
p-top  mine  west  of  Port  Arthur  arc  all  on  sulphide  deposits.  The  first  mentioned 
ks  been  systematically  developed,  and  its  workings  are  now  fairly  extensive.  A  a 
more  oil  concentrating  plant  was  installed  at  the  Massey  mine  last  year,   the  first 

Ontario,  if  not  in  Canada,  and  the  results  of  its  operation  are  said  to  be  satis- 
otory.     It  is  claimed  for  the  Elmore  process  that  it  is  peculiarly  suited  to  the  saving 

finely  disseminated  copper  sulphides  such  as  characterize  the  Massey  mine.  The 
itput  of  tho  non-nickeliferous  copper  mines  in  1904,  as  returned  to  the  Bureau  of 
lues,  was  not  large,  amounting  to  some  2,700  tons  of  ore  containing  about  121  tons 

copper.     These  figures,  as  well  as  those  of  other  details  of  production,  are  included 

the  table  given  above. 

The  copper  contents  of  the  nickel-copper  ores  smelted  in  1904  averaged  1.86  per 
'It.,  thus  evidencing  the  fact  that  the  ore  of  the  Creighton  mine  is  much  less  rich 
copper  than  in  nickel. 

IRON  ORE 

Shipments  from  the  iron  mines  of  the  Province  in  1904  amounted  to  128,253  tons, 
H  as  some  75,000  tons  of  this  were  included  in  the  returns  of  1903  as  having 
^n  mined  in  that  year,  the  net  product  must  be  set  down  as  53,253  tons,  compared 
^th  an  output  of  208,154  tons  raised  in  1903.  As  the  chief  working  property  is  the 
^^len  mine  in  Michipicoten,  the  production  of  iron  ore  fluctuates  with  the  fortunes 
^  the  Helen.  In  1903  the  troubles  which  overwhelmed  the  allied  companies  at  Sault 
^«.  Marie  closed  the  mine  before  the  end  of  the  season  of  navigation,  and  although 
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it  was  kept  dry,  pending  the  re-organization  of  the  business,  raising  ore  was  not 
resumed  until  14th  July  of  last  year.  The  ore  shipped  was  consigned  to  Clev^nd 
and  Point  Edward,  cargoes  for  the  former  port  amounting  to  77,390  tons  being  for 
M.  Hanna  and  Company,  and  the  Point  Edward  shipments  for  the  Hamilton  Steel 
and  Iron  Company,  Hamilton,  Ont.  The  prospects  for  a  large  yield  from  the  Helen 
during  1905  are  excellent,  since  it  is  now  being  worked  vigorously,  and  is  turning 
out  ore  at  the  rate  of  1,000  tons  per  day.  Recent  examinations  show  that  the  ore 
body  180  feet  below  the  old  level  of  Boyer  lake  seems  to  be  as  large  as  ever,  and  tha 
ore  of  as  high  a  grade.  A  shaft  120  feet  lower  will  give  access  to  ore  nearly  400  feet 
below  the  top  of  the  original  ore  body. 

A  small  quantity  of  hematite  was  got  out  at  the  Williams  iron  mine,  in  the 
township  of  Deroche,  part  of  which  was  shipped  to  the  blast  furnace  at  Sault  Ste. 
Marie.  The  quantity  guaranteed  by  the  shippers  is  a  minimum  of  50  per  cent,  iron 
(m  natural  condition  of  ore),  and  a  maximum  contents  of  0.03  per  cent,  phosphorus, 
and  0.05  per  cent,  sulphur.  About  6  to  10  per  cent,  of  this  ore  can  be  used  in  tho 
blast  furnace  for  Bessemer  pig. 

The  only  other  productive  mine  last  year  was  the  Radnor,  near  Eganville,  tte 
property  of  the  Canada  Iron  Furnace  Company.  This  yields  a  magnetic  ore  which  is 
used  by  the  company  to  mix  with  the  bog  ores  smelted  in  their  Quebec  furnaces. 

The  quest  for  iron  ores  still  continues.    At  Loon  lake,  east  of  Port  Arthur,  diamond 
drill  borings  and  other  tests  have  been   carried  on  and  there  seems  now  to  be  little 
doubt  that  the  hematite  deposits  of  this  region  will  prove  of  very  considerable  value, 
notwithstanding  the  fact  that  a  proportion  of  tho  ore  is  not  high  in  metallic  iron. 
On  the  banded  outcroppings  of  magnetite  on  the  northeast  arm  of  lake  Temagami  a 
diamond  drill  was  expected  to  obtain  evidence  regarding  the  character  of  the  deposit 
in  depth,  but  unforeseen  difficulties  were  encountered  during  the  progress  of  the  work 
Trhich  have  caused   it  to  be  suspended.     First,  a  very  strong  Bow  of  artesian  water 
was  struck,  and  when  after  much  labor  this  was  got  under  control,  the  drill  entered 
8  seam  of  extremely  hard  gravel  or  fragments  of  rock,  in  which  the  bit  revolved  with- 
out making  any  headway.     It  is  to  be  hoped  further  development  work  will  be  under- 
taken at   an  early  date,   so   as  to  demonstrate   whether   the   range   contains   bodies  oi 
concentrated   ore,  or  whether  the  surface   conditions  persist   at  depth.     In  the  latter 
case  the  aggregate  quantity  of  ore  will  still  be  very  large,  but  il  will  contain  so  higi^ 
a   proportion  of   silica  as  to   render  artificial   concentration  necessary.     Some  of  the 
processes  of  magnetic  concentration  in  vogue  in  the  United  States  or  elsewhere  coul* 
no  doubt  be  applied  with  success. 

There  are  indications  of  a  new  hematite  field  on  the  western  shore  of  lake  Tenx**' 
kaming,  between  the  villages  of  Haileybury  and  New  Liskeard,  where  outcroppixvr?* 
occur  not  far  from  the  water's  edge.  Some  miles  to  the  west  fragments  of  iron  fonX*-*' 
tion  may  be  seen,  and  altogether  the  conditions  are  such  as  to  afford  color  to  *'"^ 
•conjecture  that  a  buried  range  may  exist  overlaid  not  only  by  the  Niagara  liaO-^' 
stones,  but  also  by  a  heavy  burden  of  clay.  A  diamond  drill  would  be  the  best  %^^' 
plcment  for  setting  the  question  at  rest. 

The  Hutton  range  has  remained  untouched  throughout  the  year,  and  will  proba^^*^ 
continue  quiescent  until  the  advent  of  a  railway  enables  machinery  to  be  taken  in.  *^ 
open  it  up  and  provide  the  means  for  transporting  the  ore  to  market. 

The  deposits  of  magnetic  ore  on  the  Atik-okan  river  and  near  the  Canadi^^ 
Northern  railway  station  of  the  same  name  are  likely  to  form  the  scene  of  act>i^^ 
operations  if  the  intentions  of  the  parties  composing  the  Atikokan  Iron  Company,  ^* 
which  a  brief  statement  is  given  below,  are  carried  into  eflFect. 

The  account  of  the  explorations  carried  on  last  year  for  the  Bureau  of  Mines  ^^ 
Dr.  James  M.  Bell,  in  the  iron  ranges  of  Michipicoten  will  be  read  with  interest,  »^ 
showing  that  there  is  much  ground  in  that  district  yet  to  be  carefully  looked  oveT 
before  it  can  be  assumed  that  all  the  workable  deposits  have  been  located. 
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A  brief  paper  on  the  Boston  iron  range,  situated  in  the  township  of  that  nam 3, 
which  lies  in  the  Temiskaming  district  near  the  height  of  land,  gives  the  results  of 
an  examination  of  the  tract  made  by  the  Provincial  Geologist  last  year. 

PIQ  IRON  and  STEEL 

There  was  produced  in  the  blast  furnaces  of  Ontario  last  year  a  total  of  127,8io 
tons  of  pig  iron,  valued  at  $1,811,664,  a  considerable  increase  over  the  output  of  1903, 
which  was  87,004  tons,  worth  $1,491,696.  Of  charcoal  iron  the  quantity  made  wis 
10^462  tons,  having  a  value  of  $140,112,  the  remainder,  117,383  tons,  being  coke  irou 
worth  $1,671,552.  The  average  value  of  the  charcoal  iron  produced  was  returned  as 
$^13.39  per  ton  and  of  coke  iron  as  $14.24  per  ton,  (2,000  lb.),  which  is  a  decided 
reduction  from  the  prices  of  1903,  namely  $15.46  and  $17.40  per  ton  respectively. 

The  ore  smelted  to  produce  the  above  quantity  of  pig  Ic(»n  was  2?3,605  tons,  of 
which  50,423  tons  were  raised  from  mines  in  Ontario,  and  173,182  tons  imported  from 
the  United  States. 

The  numb<3r  of  blast  furnaces  in  operation  during  1904  was  four,  as  compared 
with  three  in  1903,  the  increase  being  due  to  the  blowing  in  of  one  of  the  coke  furnaces 
o:  the  Algoma  Steel  Company,  Limited,  at  Sault  Ste.  Marie. 

A  project  has  been  launched  for  the  erection  of  a  blast  furnace  at  Port  Arthur 

by  the  Atik-okan  Iron  Company,  with  the  view  of  utilizing  the  magnetic  ores  of  th"? 

Atik-okan    range,    and    also   of  exporting  the   surplus  mined   from  these   deposits   to 

furnaces  in  the  United  States  and  Canada.     The  nominal  capital  of  the  Company  is 

11,000,000,   and  the  money  for  purchasing  the  mines  and  erecting  the  furnace  is  to 

be  provided  by  bsuing  bonds  to  the  extent  of  $1,000,000,  of  which  Messrs.  Mackenzie, 

Mann  and  Company  are  to  take  $400,000  worth,  the  town  of  Port  Arthur,  by  way  of 

assisting  the  enterprise,  $300,000   worth,   and   a  group  of   American   capitalists  com- 

Tosed  of  Messrs.   J.  C.  Hunter,  Duluth,and  De  C.  0' Grady  and  Stamford   White  of 

Ckicago,  the  remainder.    Messrs.  Mackenzie,  Mann  and  Company  have  taken  an  active 

part  in  promoting  the  company,  their  object  being  to  bring  about  the  development  of 

the  iron  ore  resources  of  the  territory  in  question,  as  well  as  to  provide  traffic  for  the 

Canadian  Northern  railway.     The  furnace  is  to  have  a  capacity  of  100   tons  of   pij? 

iron  per  day,  there  is  to  be  an  ore-roasting  plant  capable  of  treating  300  tons  of  pig 

per  day,  and  ovens  for  making  coke.     The  officers  of  the  company  are  D.   D.   Manu. 

rresident,    J.   C.    Hunter,   vice-president,    R.    M.  Hunter,    secretary,    H.   Sutherland, 

treasurer.     The  head  office  is  at  Toronto.    The  municipalities  of  Port  Arthur  and  Fort 

"illiam  have  agreed  to  provide  a  free  site  for  the  erection  of  the  plant,  with  exemption 

from  taxation. 

Connected  with  the  enterprise  is  the  Canadian  Coal  and  Ore  Dock  Company  in 
^'uich  Messrs.  Mackenzie,  Mann  and  Company  are  interested,  and  in  which  they  have 
•ssociated  with  them  certain  coal  operators  of  Pittsburg,  Pennsylvania.  Docks  for 
leading  ore  and  unloading  coal  are  to  be  constructed,  and  it  is  expected  that  the 
f*<^ilities  provided  will  do  much  to  promote  the  welfare  both  of  the  iron  and  coal 
^^^Ustries  of  this  part  of  the  Province. 

There  can  be  no  doubt  that  a  very  large  market  for  pig  iron  and  for  manufactures 
^^  iron  and  steel  in  every  possible  form  is  opening  up  on  the  prairies  of  the  Northwest 
^^^  in  the  bush  lands  of  northern  Ontario.  For  the  making  of  iron  and  steel  destined 
^  Supply  these  markets,  it  is  surely  more  economical  to  bring  the  coal  from  lake  Erie 
lo^i^e  to  lake  Superior  than  to  shiip  the  ore  from  lake  Superior  to  the  shores  of  lake 
^'^le,  convert  it  into  pig  iron  or  manufactured  goods  and  then  pay  freight  on  thesa 
"*c^  again  over  the  same  route  previously  traversed  by  the  ore.  It  is  reasonable  to 
^^Ppose  that  the  line  of  least  resistance  will  be  found  to  exist  in  this  direction,  an  J 
^'^t  notwithstanding  the  long  established  customs  and  course  of  trade,  there  is  a 
^txire  ahead  for  an  iron  making  and  iron  working  industry  established  at  the  head 
o'  Hayigation  on  the  western  shores  of  lake  Superior. 
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The  steel  made  by  the  Hamilton  Steel  and  Iron  Company  and  The  Algoma 
Company  together  amounted  to  61,002  tons,  valued  at  $1,188,349.  Open-hearth 
for  various  uses  is  produced  by  the  former,  while  the  output  of  the  latter  cod 
wholly  of  steel  rails. 

The  statistics  of  the  pig  iron   and  steel  manufacture  for   1904  are  as  fo  low 

Ontario    ore    smelted Iodb  50.423 

Foreign      "          "        "  173.182 

Scale   and   Mill   cinder "  12,776 

Llmeetone  for  flnz "  61,566 

Coke   for   fuel "  Ui.iu^ 

Value  of   fuel •  577,138 

Charcoal   for  fuel bush  1,821,^<  u 

Value    of    fuel I  72.851 

Pig    iron    product tona  127,845 

Value   of    product $  1,811.664 

Steel    product tone  51,002 

Value    of    product $  1,188.349 

Workmen  employed No.  1.522 

Wages    paid $  539.482 

The  following  table  'gives  details  of  the  iron  and  steel  making  industry  < 
Province  for  the  last  five  years: 

Production  Iron  and  Steel  1900  to  1904 


Schedule. 


Ontario  ore  smel  ted tons. 

Foreign  ore  smelted 

Limestone  flux " 

Coke " 

Charcoal bush. 

Pig  iron tons. 

Value  pig  iron $ 

Steel tons. 

Value I 


1 

1900. 

1 

1901.       1 

1902. 

1903.   • 

1 
22.H87 

109.109 

92.R8:i  , 

48.092  " 

77.sa'> 

85.401 

94,079 

las.  137 

•24,lr27 

r.l,4;V2  1 

58,885 

49.42»i 

/^9.345 

ll;<.119  ' 

111,890 

%.540 

9r>'\4ol 

915.7X9 

9<'.8.62:J 

9;«.ti30 

1 

(•»J.38C. 

110.370  1 

112.f>87 

87,004 

9'S6.(H'A\  , 

1.701,70:J 

l.C.83.a5l   1 

1.491.09<i 

1 

2.hl9 

14.471   , 

r»M.802 

15.2-29 

4r.,380 

1 

1 

317,'280  1 

1,610.031 

304.580 

1 

The  Iron  Mining  Fund,  consisting  of  a  sum  of  $1125,000  originally  set  asi 
the  Legislature  in  1894,  to  encourage  the  production  of  iron  ore  and  pig  iron  in  0: 
out  of  which  $109,741.01  had  been  earned  up  to  31  October,  1903,  was  exhausi 
payment  of  tho  bounties  earned  during  the  year  ending  31  October,  1904.  The 
sions  of  the  law  were  such  that  no  more  than  $25,000  could  be  paid  out  in  any  on 
at  the  maximum  rat-e  of  $1  per  ton  of  pig  iron  produced,  and  that  if  more  or< 
laised  and  smelted  than  could  be  paid  for  out  of  $25,000  at  $1  per  ton  of  pig 
the  rate  of  bounty  should  suffer  a  proportionate  reduction.  The  quantity  of  pi 
smelted  from  Ontario  ore  eligible  for  bounty  during  the  12  months  ending 
October,  1904,  being  50,715  tons,  331  lb.,  and  the  amount  available  for  paym 
bounty  thereon  being  $16,236.19,  the  rate  per  ton  of  pig  iron  was  $0,551. 
following  figures  give  details  of  the  payments. 


Name. 


Canada  Iron  Furnace  Co.  Ltd.,  Midland 
Hamilton  Steel  and  Iron  Co.  Hamilton  . . 

Total 


Tons  Ontario  ore    '    Tors  r)ijr  iron  prr> 


smelted 


duced. 


11.676 
39,039 


5.877 
21.771 


50,715 


27,648 


Bount 


$ 

3.238 
11.997 


15,23(3 


No  provision  having  been  made  by  the  Legislature  for  the  renewal  or  ext 
of  this  system  of  assistance  to  the  iron  ore  and  pig  iron  industry,  the  Iron  ^ 
Fund  has  become  a  thing  of  the  past. 
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The  following  table  shows  how  the  total  sum  of  $125,000  has  been  expended. 

Bounty  on  Iron  Ore  1896  to  1904. 


Year. 

Pig  iron  product 
Ontario  ore. 
Tons. 

Bounty  paid. 

1S'»'.           

4,000  00            : 

2,m.\  95            i 

8.W7  19 
12.752  07            1 

().737  80 
55.21-1  00            ' 
53,8<»«  22 
2G.Ji99  28 
50.715  17 

4.000  OO 

I>y7             .    .    .  .           

2.f)03  95 

189^ 

8,G17  19 

isyy 

12,752  07 

190<) 

6.737  80 

IKtl 

25.000  00 

I'Xni 

26,000  00 

I90;j 

25.01)0  00 

19iM 

15,23(i  19 

Sui;rlrv  expenses 

22  80 

Total 

221,237  68            ; 

125,000  00 

LEAD 

The  Ontario  Mining  and  Smelting  Company  are  continuing  to  develop  the 
Uollandia  lead  mine,  near  Banockburn,  in  the  county  of  Hastings,  and  last  year 
leported  an  output  of  3,210  tons  of  ore,  of  which  a  sufficient  quantity  was  smelted 
m  the  company^s  own  plant  to  produce  43  tons  of  pig  lead,  valued  at  $2,500. 

ZINC 

The  Olden  zinc  mine,  near  Long  lake  in  the  county  of  Frontenac,  was  under 
development  last  year,  and  some  533  tons  of  ore  worth  $3,700  were  extracted.  A 
deposit  of  some  promise  is  under  development  near  Wolf  River,  east  of  Port  Arthur. 


BUILDING  MATERIALS 

Under  this  heading  may  be  grouped  stone,  lime  and  brick.  Cement  is  also  an 
important  construction  material,  but  it  will  be  more  convenient  to  deal  with  it  in  a 
separate  paragraph. 

Stone 

The  quarries  of  Ontario  produced  during  1904  a  quantity  of  stone  used  largely 
for  building  purposes  but  also  for  road  making,  concrete  work,  etc.  Much  the  larger 
part  was  derived  from  the  limestone  formations  of  varying  age  and  composition,  :'o 
plentifully  developed  in  southern  Ontario;  to  a  smaller  extent  the  sandstones,  such 
^s  those  of  the  Medina  and  Potsdam  formations,  and  the  granite,  gneiss  and  trap 
^i  Archean  age,  were  also  drawn  upon.  A  full  account  of  the  limestones  of  the 
Province  by  Prof.  W.  Q.  Miller,  Provincial  Geologist,  will  be  found  in  Part  II 
*>!  the  Bureau's  Thirteenth  Report,  where  their  distribution,  uses,  composition,  etc., 
We  dealt  with.  Similar  work  remains  to  be  done  in  connection  with  the  sandstones 
Of  the  Province,  but  especially  with  the  granites,  gneisses  and  traps  of  northern  anl 
^Bstern  Ontario  which  occur  in  inexhaustible  quantity   and  great  variety. 

It  is  passing  strange  that  in  a  country  so  well  provided  with  granite  as  Ontario, 
conveniently  situated,  too,  as  much  of  it  is  for  shipment  by  water,  practically  none 
of  the  native  material  is  made  use  of  by  our  stone-cutters  or  monument-makers.  Very 
^^ch  of  the  polished  granite  seen  in  our  cemeteries  and  adorning  the  fronts  of 
^^siness  blocks  is  turned  out  of  the  stone  yards  of  Aberdeen,  Scotland,  but  is  really 
brought  in  the  rough  to  that  place  by  sea  from  Sweden  and  Norway.  What  Scandin- 
^^a  does  not  furnish  us,  via  Scotland,  is  sent  by  Massachusetts,  Vermont  and  Quebec, 
^ut  one  will  look  almost  in  vain  for  shaft  or  pillar  for  which  a  domestic  origin  call  bei 
claimed.     Surface  fissures  and  seams  have  discouraged  some  of  the  attempts  made  to 
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open  up  granite  quarries  in  the  north,  and  trade  customs  and  fashions  once  established 
are  hard  to  change,  but  it  seems  reasonable  to  suppose  that  among  the  hundreds,  if  not 
thousands,  of  conveniently  situated  beds  of  granite  and  gneiss  in  Ontario,  hand 
specimens  of  which  when  polished  present  a  wealth  and  play  of  color  not  inferior  to 
the  imported  article,  suitable  sites  might  be  selected  which  capital  and  skill  could 
convert  into  remunerative   and  abundant   sources   of  first-class   material. 

The  tendency,  noted  in  the  last  Report,  to  the  extinction  of  small  quarries  and  the 
absorption  of  the  trade  by  large  and  well-appointed  works,  continues  unabated. 
Apparently,  for  anything  except  local  and  transient  use,  the  day  of  the  small  quarry 
is  nearly  over. 

Lime 

The  same  prevalence  of  limestone  which  provides  a  plentiful  supply  of  building 
stone  in  so  many  parts  of  the  Province,  guarantees  an  equally  abundant  supply  of 
bme — an  article  whose  usefulness  is  by  no  means  confined  to  building  purposes.  There 
was  a  fairly  active  demand  for  lime  last  year,  notwithstanding  that  the  returns  made 
to  the  Bureau  indicate  a  somewhat  lessened  production  as  compared  with  1905.  The 
average  price  per  bushel  advanced  slightly  over  that  of  the  previous  year,  being  15.6 
cents,  as  compared  wiith  15.3  cents.  In  lime-making,  as  in  stone-quarrying,  the  small 
producer  is  fast  dropping  out  of  competition  with  his  better-equipped  rivals  who  pro- 
duce on  a  large  scale  and  are  possessed  of  modern  and  economical  plants  . 

Brick 

The  returns   of  brick  made  in    Ontario   point   to   a   smaller   production    in   1904 
than  in  1903.     The  unusually  active  demand  not  only  in  Toronto,  where  building  was 
very  brisk  and  a  large  burned-over   area  had  to  be    rebuilt,  but    in    practically     all 
the  cities  and  towns  of  the  Province,  led  to  a  material  advance  in  price,  the  nverage 
cost  of  bricks  at  the  yard,  which  in  1902  was  $6.41,  and  in  1903  $6.78  per  thousand* 
having  risen  in  llK)4  to  $7.15  per  thousand. 

Slightly  larger  quantities  of  pressed  brick  and  paving  brick  were  made  last  ye^^-^ 
1  comparison  with  1903.  For  better-class  houses  in  the  cities,  fronts,  etc.,  press^- -^ 
(or  rather  re-pressed)  brick  is  in  good  demanci  at  considerably  higher  prices  than  ai 
paid  for  common  brick.  The  use  of  vitrified  brick  for  street  pavements  has  nc 
extended  so  rapidly  as  was  anticipated  some  years  ago.  The  principal  objections  ai 
two,  (1)  the  noisiness  of  the  pavement,  and  (2)  the  difficulty  of  obtaining  brick  po: 
sessing  the  necessary  wear-resisting  qualities. 

Other  manufactures  of  clay  are  sewer  pipe,  drain  tile  and  pottery.     Of  the  form< 
$283,000  worth  was  made  last  year — a  considerable  advance  over  1903,  when  the  outpi 
\%as  valued  at  $199,971 — and   pottery,  which   aggregated   about   $100,000  in   value,   a^  - 
compared  with  $160,000  in  the  previous  year. 

Sewer    pipe   is   made   at    Toronto   and    Hamilton,   and   another  company    is   bein@ 
organized  to   utilize  the  shales  of  the  Medina  formation,   outcropping  on   the  Credits 
river,  in  the  manufacture  of  the  same  article.     Notwithstanding  the  increase  in  thja 
liome  product,   sewer   pipe  continues  to  be  brought   into  the   country   in  considerable 
quantity. 

Drain  tile  is  made  to  the  value  of  about  $200,000  annually,  the  output  for  1904 
being  $210,000.  It  is  produced  principally  in  the  southern  and  southwestern  portions 
of  the  Province,  in  localities  where  farming  is  most  advanced,  and  especially  where 
the  low-lying  nature  of  the  land  requires  ample  facilities  for  speedily  ridding  the  soil 
of  superfluous  precipitation.  For  the  most  part  drain  tile  is  made  in  brick  factories, 
but  occasionally  a  business  is  carried  on  for  the  manufacture  of  tile  only. 

The  class  of  pottery  made  from  the  domestic  clays  of  this  Province  is  of  thje 
commonest  kind,  such  as  flower  pots,  jardinieres,  etc.  Better  goods  are  manufactured 
to  some  extent,  but  for  such  purposes  the  clay  is  imported,  mainly  from  New  Jersev 
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If  clays  or  shales  of  the  requisite  quality  can  be  found  in  Ontario,  large  industries 
could  be  built  up  in  the  manufacture  of  china  and  tableware,  as  well  as  fire-brick  and 
ether  refractory  goods.     To  be  adapted  for  such  uses,  clay  must  be  characterized  by  an 
absence,  or  at  any  rate  a  minimum  of  fluxing  ingredients,  such  as  lime,  potash,  soda, 
iion,  etc.     The  prevalence  of  limestone  and  lime-bearing  rocks  in  this  Province,   and 
the  absence  of  the  Carboniferous  series  with  its  accompanying  seams  of  fire-clay  do  not 
provide  the  best  conditions  for  the  occurrence  of  clay  or  shale  beds  of  the  right  kind, 
while  the  severe  scouring  to  which  the  rock  formations  have  been  subjected  in  glacial 
times  explains  the  lack  of  residual  clay  deposits  found  in  countries  where  ice  action  has 
been  less  energetic.    It  is  known,  however,  that  clay  beds  of  refractory  or  semi-refract- 
ory character,  and  also  of  kaolin,  apparently  suitable  for  making  china  and  porcelain, 
are  found  on  the  Abitibi  and  other  rivers  of  the  northern  slope,  more  or  less  associated 
with    deposits  of   lignite.     The   construction   of   the   Grand    Trunk    Pacific     and    ex- 
tension of  the  Temiskaming  and  Northern  Ontario  railways   will  make  these  regions 
more  accessible,  but  careful  search  nearer  civilization  is  warranted  in  the  hope  that 
local  deposits  may  be  found  capable  of  supplying  the  raw  materials  for  what  would 
iu  all  probability  become  a  thriving  industry     . 

The  important  place  which  clay  and  shale  occupy  in  the  industrial  arts  is  perhaps 
not  generally  or  fully  recognized.     A  bed  of  shale  or  a  bank  of  clay  makes  no  sucJi 
appeal  to  the  imagination  as  does  a  gold  or  silver  mine,  and  indeed  there  are  not  a 
few  people  by  whom  the  title  * 'mineral"  as  applied  to  either  clay  or  sfiale  would  not 
at  first  be  admitted.     Yet  in  Ontario,  as  in  many  o>ther  countries,  the  goods  manu- 
factured from  clay  surpass  in  value  many   times   the    combined   output  of  gold   and 
silver.     For  example,  the  united  value  of  the  articles  made  of  clay  in  this  Province 
last  year,  including    bricks    of  all    kinds,    tile    drain,    pottery    and    sewer    pipe,    was 
^2,305,200,  while  of  gold  and  silver  the  yield  was  only  worth  $151,887.     If  a  proportion 
•■>f  the  cement  product,  in  which  clay  is  also  an  important  ingredient,  were  included. 
the  balance    in    favor    clay    manufactures    would   be    still   greater.     Undoubtedly    the 
c^l^ief  element  of  value  in  such   goods  is  the  labor  expended   in  producing  them,  but 
tlvej  cannot  be  made  unless  the  raw  materials  of  the  proper  quality  exist. 

In  view  of  the  great  importance  of  the  various  industries  which  employ  clay  as 

**i«ir  raw  material,  the  Bureau  of  Mines  has  set  about  making  an  investigation  of  the 

^lay  and  shale  resources  of  the  Province  in  the  hope  of  collecting  data  that  will  be 

^^    service  to  those  engaged  in  these  industries,  and  may  perhaps  lead  to  an  enlarge- 

'^^ent  of  the  uses  to  which  the  wealth  of  clay  and  shale  in  Ontario  may  piofitably  bo 

applied.     This  work  will  be   under  the  supervision  •  of    Prof.    Miller,    the    Provincial 

^ecJogist,  who  will  be  assisted  by  Mr.  M.   B.   Baker,  an"d  it  is  hoped  to  complete  it 

during  the  field  season  of  1905. 

CEMENT 

The  cement  made  in  Ontario  is  of  two  kinds,  (T)  Natural  rock,  and  (2)  Portland. 

The  manufacture  of  natural  rock  cement  is  not  increasing,  this  article  being  less 
l^ighly  regarded  than  Portland  cement,  notwithstanding  that  for  many  purposes  it 
'8  an  eflBcient  and  satisfactory  substitute.  The  production  in  1904  as  reported  to  the 
bureau  was  85,000  barrels  worth  $65,250,  comparing  with  89,549  barrels  in  1903  worth 
169,319.  The  average  selling  price  at  the  factories  remained  the  same  as  last  year, 
namely  77  cents    per  barrel. 

In  the  Portland  cement  industry  the  expansion  commented  on  in  previous  reports 

continued  during  1904,  the  production  rising  in  quantity  from  695,260  barrels  in  1903 

to  880,871   barrels  in  1904,  and  in  value  from   $1,182,799  to   $1,239,971,  the   rate   nf 

increase  as  measured  by  output  being  26  per  cent.     The  price  however,   fell  ofiP  coti- 

siderably,  averaging   at  the  works  $1.40   per  barrel  as  against  $1.70  in  1903.     The  number 
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of  producing  companies  last  year  was  nine,  the  Ontario  Portland  Cement  Company's 
(lant  at  Blue  lake,  near  Brantford,  having  begun  production  during  the  year.  Other 
factories  in  various  stages  of  completion  when  the  year  closed  were  those  of  tho 
Belleville  Portland  Cement  Company,  Belleville,  the  Western  Ontario  Portland  Cement 
Company,  Atwood,  and  the  Colonial  Cement  Company,  Wiarton.  Tke  Raven  Lake 
Cement  Company,  Raven  lake,  went  into  operation  just  at  the  end  of  1904.  It  l* 
unnecessary  to  make  further  comment  on  the  Portland  cement  industry  of  Ontario 
here,  since  in  the  present  volume  a  detailed  report  upon  it  by  Mr.  P.  Gillespie  will 
be   found. 

The  progress  of  both  branches  of  cement-making  in  Ontario  since  1891  is  set  out 
in  the  subjoined  table. 

Production   of  Cement  1891   to  1904 


Year, 


1891. 
1892. 
1893. 
1894. 
189r>. 
1896. 
1897. 
1898. 
1899. 
1900. 
1901. 
1902. 
190;^. 
19()4, 


Nat  urn 

1  rock , 
value. 

Port] 
bbl. 

and. 

Total 

I. 

bbl. 

value. 

bbl. 

value. 

1 

9 

$ 

46.178 

39.119 

2.033 

5,082 

48.211 

44,.t01 

51.irK=) 

3H..=W0 

20.247 

47.417 

74.402 

8:>.yi>7 

7i.:i.^3 

63.:xw 

31.924 

tW.848 

106,277     1 

127.4  l.S 

5r).32iJ 

4S.771 

:«)..'«'J 

01.060 

85.903     1 

109..«<34 

.V>.2i9 

•i.M4:> 

5*<.099 

114.3:i2 

113.918 

1.VJ.477 

r)0.7a=> 

44.100 

77.700 

i:^S.230 

13.S,465 

182.330 

M.fi70 

70.123 

90,K2.5 

170,3(r2 

181.495     . 

216.425 

yi..v2.s 

74.222 

l.'i3.34S 

30i,09<i 

244.876     j 

37t-.3lS 

139.4.S7 

1 1 7.1)39 

222.. V>0 

444.227 

362.0:^7 

5rU.2ti6 

120.-12.H 

'.>9.i*9J 

30«;.720 

598,021 

432.154 

»9M.tllf) 

13S.028 

107.«;2.=) 

3r>o.r)<iO 

5<*»3.25.'> 

4,S9.2S8 

670.i^>O 

77.300 

50.795 

522.h99 

916.221 

609.199 

9t»7.0X* 

><9.r>49 

09,319 

09f>,200 

1,182,799 

784.809 

1.222.11^ 

85.0(KJ 

<i.'>.250 

880.871 

1.239.971 

96.5.871 

l,<>05,--i--il 

The  number  of  persons  employed  in  making  natural  rock  cement  was  60,  and  't:h3 
amount  paid  out  in  wages  $22,050;  and  in  Portland  cement  734  and  $323,089  res- 
pectively. 

CALCIUM  CARBIDE 

There  are  two  plants  engaged  in  the  manufacture  of  calcium  carbide,  the  Otta.^"^ 
Carbide  Company  at  Ottawa,  and  the  Willson  Carbide  Company  at  Merritton.  Tb^*^ 
combined  output  for  1904  was  2,343  tons  valued  at  $152,295,  as  compared  with  2,«^' 
tons  worth  $114,(X)0  in  1903.  The  slight  falling  off  in  production  was  thus  accompaJi^^^ 
by  a  rise  in  tlie  price  per  ton  from  $57.43  to  $65. 

The  followin<;  table  gives  details  of  tho  industry  for  the  last  five  years: 


Calcium  Carbide  1900  to  1904 


Sclu'diile. 


19(.H). 


1901 


1902. 


1903. 


19l^* 


Carbide  produced torn 

Value  of  product $ 

Workmou  ciui^loTod No. 

Wages  paid $ 


1.0or> 

60,3(H) 

32 

72.5.S1 


2.771 

168.792 

S3 

40,7K8 


1,402 

89.420 

57 

28.9G5 


2,507 

144.000 

(•6 

3S.9S4 


CORUNDUM 

The  quantity  of  grain  corundum  produced  from  the  deposits  of  Raglan  and  Carlo^ 
townships,  in  the  counties  of  Renfrew  and  Hastings  respectively,  during  1904,  w^^ 
1,665  tons  valued  at  $150,645,  compared  with  1,119  tons  worth  $87,600  in  1903.    Th^ 
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producing  companies  continue  two  in  number,  namely,  the  Canada  Corundum  Company, 
and  the  Ashland  Emery  and  Corundum  Company,  formerly  the  Ontario  Corundum 
Company.  The  mines  and  works  of  the  former  are  situated  at  Craigmont  in  the 
t;ownship  of  Raglan,  and  of  the  latter  at  New  Carlow  in  the  township  of  Carlow, 
which  adjoins  Raglan.  Corundum  Refiners,  Limited,  mentioned  in  the  report  for  last 
year,  have  not  yet  begun  production. 

Statistics  of  the    corundum  business   since   1900,    when   the   first  production   wi:^ 
made,  are  as  under: 

Corundum    1900  to   1904 


Schedule. 


Corundum  produced  tous 

Value  of  product $ 

Workmen  No. 

Wages  paid $ 


1900. 


'     fiO 

6,000 

35 

10,000 


1901. 


58  4 
63,115 

m 

30,406 


1902. 


1,137 

8S,871 

95 

84,674 


1903. 


1.119 

87,C.OO 

18C 

106.332 


1904. 


1.665 

100.645 

202 

139.548 


FELDSPAR 

The  feldspar  or  microclino  quarries  on  the  line  of  the  Kingston  and  Pembroke 
railway  last  year  had  an  output  of  10,983  tons  valued  at  $21,966,  which  was  4,313  teas 
less  in  quantity  and  $1,920  more  in  value  than  the  production  of  1903.  In  the  latter 
year  the  product  was  given  an  average  value  at  the  mine  of  $1.31,  and  in  1904  of  $3 
jer  ton.  The  market  is  wholly  in  the  United  States,  mainly  among  the  potteries  of 
New  Jersey  and  Ohio. 

For  the  last  five  years  the  figures  for  the  feldspar  industry  are  as  follows: 

Tons.  Value. 

1900 4.000  $5,000 

ItvI  ......        ......        ......        \}(1UU  D,wf  0 

1902 8.776         12.875 

1903 15.296        20.046 

1904 10,983        21.966 

The  number  of  employees  in  1904  was  34,  and  the  amount  paid  in  wages  $16,300. 
*he  Kingston  Feldspar  Mining  Company  and  Mr.  Charles  Jenkins  were  the  producers. 

IRON  PYRITES 


The  production  of  iron  pyrites  has  increased  with  some  rapidity  during  the  last 
*^o  or  three  years,  the  output  in  1904  being  13,451  tons  worth  $43,716,  as  again^st 
'•469  tons  valued  at  $21,693  in  1903.  The  chief  producer  is  the  American  Madoc 
^*ining  Company,  which  operates  two  deposits  in  the  county  of  Hastings,  one  near 
"^i:inockburn,  and  the  other  in  the  township  of  Hungcrford.  Another  mine  in  the 
satrie  county   is  being  opened  by   the   British  America  Mining   Company  of   Toront>. 

*he  product  is  shipped  to  the  United  States,  where  it  is  used  in  the  manufacture  of 

sulphuric  acid. 

For  the  four  years  beginning  with  1901,  the  production  of  iron  pyrites  in  Ontario 

*^8  been  as  follows: 

Tons.  Value. 

1901 7,000  $17,500 

1902 4,371  14,993 

1903 7,469  21.693 

1904 13,451  43,716 

In  mining  iron  pyrites  60  persons  were  employed  in   1904  to  whom  $22,875   was 
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MICA 

There  was  a  lull  in  the  mica  business  last  year,  some  332  tons  only  of  the  amber 
variety  having  been  raised  from  the  mines  of  this  Province,  valued  at  $37,847,  as 
compared  with  948  tons  worth  $102,205  in  1903.  The  chief  producers  were  the  General 
Electric  Company,  Sydenham,  and  Jas.  Richardson  and  Sons  and  Kent  Bros.,  both 
ot  Kingston.  The  number  of  persons  employed  in  mining  mica  last  year  was  79,  and 
the  amount  of  wages  paid  them  $21,529. 

SALT 


The  brine  wells  of  southwestern  Ontario  in  1904  produced  a  total  of  55,877  tons 
of  salt,  valued  at  $362,621,  as  against  58,274  tons  worth  $388,097  in  1903.  The  market 
for  Ontario  salt  does  not  seem  to  be  increasing,  since  the  output  is  now  less  than 
it  was  five  years  ago.  The  largest  producer  is  the  Canadian  Salt  Company  of  Windsor, 
but  there  are  also  working  plants  at  Qoderich,  Wingham,  Seaforth,  Clinton  and  Brus- 
sels in  the  county  of  Huron,  Kincardine  in  the  county  of  Bruce,  and  Sarnia  in  the 
county  of  Lamb  ton. 

The  course  of  the  salt  business  in  Ontario  for  the  last  five  years  is  shown  by  the 
following  figures: 

Production  of  5alt  1900  to  1904. 


Schedule. 

1 

1900. 

1901.         ! 

1 

1 

1902. 

1903. 

1904. 

Salt  produced 

Value  of  product 

Workmen  emploved 

Wacee  jail 

tons 

:::::::x^o 
$ 

66.588    ! 
324.477     1 
243 
72,581 

60.327     ' 
323.058    1 
189    ! 
67,024 

62,011 

344.620 

198 

76,154 

58,274 

888.097 

208 

87,995 

55.877 
362,621 
19S 
84.682 

PETROLEUM 

The  decline  in  the  yield  of  the  petroleum  wells  of  the  Province,   which  has  b^on 
going  on   almost  uninterruptedly  for   a  number  of  years,   appears  to  have  suffered     * 
check  in  1904.     The  crude  product  last  year  was  17,237,220  imperial  gallons,  as  again.^'t; 
16,640,338   imperial   gallons    in    1903.      The    value  did   not    rise    in   proportion,    being 
$904,437,  compared  with  $12,103,016.     The  increased  production   is  to  be  credited    "to 
the  new   pools  or   fields   near  Leamington,  Essex   county,   which,  began    production     *^ 
1903,  and  in   the  township   of  Moore,  Lambton   county,   opened   up   last   year,   whicli 
jielded  25,241   barrels  and  36,971   barrels  respectively,  the  output   of  these  new  are^^s 
being  more  than  suflBcient  to  offset  the  shrinkage  in  the  Petrolea  district.     The  pro 
duction  of   the  various   fields,    or  pools,   is   estimated    as   follows,    a  barrel  being    tlia 
equivalent  of  35  imperial  gallons: 

Field.  Barrels. 

Petrolea 278.299 

Oil   Springs 75,530 

Both  well 47,6i)'» 

inition        14,217 

Ijeamington 25,241 

Moore 36.971 

Wheatley 4,490 

Raleigh 3,274 

ThamesTille 5,027 

Pelee  Island " 1,023 

Bly  theflwood 669 

Comber 97 

Total 492,492 

On  8th  June  1904  the  bounty  on  Canadian  crude  petroleum  of  one  and  one-hal^ 
cent  per   imperial  gallon   provided  by  the  Dominion  Government  under   chap.   28,  ^ 
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Iward  VII,  became  effective — applying  as  well  to  oil  held  in  storage  tanks  or  other 
>rage  receptacles  as  to  oil  produced  after  that  date— and  the  effect  of  this  encour- 
;ement  was  no  doubt  to  stimulate  the  production  of  domestic  crude.  The  quantity 
crude  petroleum  in  storage  on  8th  June  and  delivered  to  Slst  December,  was 
)17,447  gallons,  on  which  a  bounty  was  paid  of  $147,261.70. 

As  stated  above,  the  prices  of  crude  oil  in  Canada  as  well  as  in  the  United  State •«, 
tclined  during  the  year.  On  June  7th,  just  before  the  bounty  took  effect,  and  while 
e  import  duty  of  five  cents  per  gallon  was  in  force,  the  price  of  Oil  Springs,  BothweU 
id  Dutton  crude  was  $2.13  per  barrel,  and  of  North  Lima  crude  $1.11  per  barrel; 
I  dlst  December,  the  price  for  Canadian  crude  was  $1.50  per  barrel  plus  bounfy 
^1  cents  per  barrel,  total  $2.02i  per  barrel,  while  the  North  Lima  article  sold  f'3r 
.01  per  barrel. 

It  is  estimated  that  about  30,555  barrels  of  domestic  crude  petroleum  were  used 
r  fuel  and  gas-making  purposes,  leaving  say  461,937  barrels  available  for  distillation, 
lis  was  implemented  by  the  treatment  of  a  l^rge  quantity  of  crude  imported  from 
le  United  States  in  order  tp  supply  the  demand  for  petroleimi  products  and  keep  the 
fineries  in  operation.  Since  the  beginning  of  1905  developments,  especially  in  the 
samington  field,  seem  to  indicate  that  a  very  considerable  addition  to  the  supplies 
'  Ontario  crude  may  be  looked  for,  and  some  are  sanguine  enough  to  hope  that  the 
itput  of  the  Canadian  wells  may  soon  prove  sufficient  to  meet  the  requirements  of 
le  home  market.  The  account  given  in  this  Report  by  Mr.  E.  T.  Corkill,  Inspector 
[  Mines,  who  visited  the  oil  and  gas  fields  in  the  early  spring  of  the  present  year, 
rill  be  read  with  interest. 

Owing  to  the  large  quantities  of  American  oil  now  treated  in  the  refineries  of  the 
*rovince  along  with  the  domestic  article,  it  is  no  longer  practicable  to  give  the  refined 
products  derived  from  the  latter  in  separate  form,  hence  in  the  table  of  statistics  the 
igures  are  presented  of  the  crude  product  only. 

NATURAL  GAS 

There  was  a  marked  increase  in  the  quantity  of  natural  gas  produced  in  the 
■"ovince  last  year  as  compared  with  1903,  the  value  of  the  output  in  1904  being 
^^,524,  and  that  of  the  previous  year  $196,535.  The  greater  portion  of  the  gas  is 
I'ived  from  the  Welland  county  field,  in  whiich  the  Provincial  Natural  Gas  and  Fuel 
^mpany  is  the  principal  operator,  but  in  the  county  of  Haldimand  a  gas  field  of 
parent  promise  is  being  exploited  with  some  success.  It  is  proposed  to  pipe  the 
s  from  this  district  into  the  city  of  Hamilton.  On  the  outskirts  of  Brantford  both 
8  and  oil  have  been  found  at  Bow  Park  farm  and  elsewhere,  and  gas  is  being  supplied 
^  illuminating  purposes  to  the  people  of  that  city.  In  the  new  oil  field  at  Leaming- 
^  much  gas  accompanies  the  oil,  and  the  inhabitants  of  that  town  are  once  more 
ikying  the  advantages  of  a  gas  supply,  of  which  they  were  deprived  when  the  Essex 
^Us  ceased  to  flow  two  or  three  years  ago. 

A  feature  of  the  Provincial  Natural  Gas  and  Fuel  Company's  operations  last  year 
^3  the  extension  of  their  supply  line  to  the  city  of  Niagara  Falls,  Ont.,  and  to  the 
^ghboring  village  of  Chippewa.  Thirty  miles  of  low  pressure  lines  composed  of  6-inch, 
^iich,  3-inch  and  2-inch  pipes  were  laid  in  Niagara  Falls  and  three  miles  of  3-inch 
^d  2-inch  at  Chippewa.  About  3  miles  of  li-inch  and  li-inch  pipe  were  put  in  as 
^^ice  lines  from  the  mains  to  the  meters,  and  in  all  some  1,600  new  customers  were 
^Hected  during  the  year.  The  price  at  which  the  gas  is  sold  at  these  points  is  20 
^ts  per  thousand  cubic  feet.  Gas  is  also  delivered  by  that  company  at  Bridgeburg, 
^lii  Erie,  Sherkston,  Stevensville,  Crystal  Beach,  and  other  points  along  the  lake 
^ore,  as  well  as  to  farmers  situated  along  the  lines.  At  these  places  the  price  of  the 
«^8  is  25  cents  per  thousand  cubic  feet. 
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The  production  of  natural  gas  in  the  Province  for  the  last  five  years  has  been  m 
follows : 

Year.  Value. 

1900 $392,823 

1901 342,183 

1902 199.238 

1903 196,535 

1904 253.524 

At  the  close  of  1904  there  were  176  producing  wells,  of  which  36  had  been  put  down 
during  the  year;  there  were  also  231  miles  of  delivery  pipe,  and  the  number  of 
employees  was  98,  to  whom  $63,674  was  paid  in  wages.  There  were  also  drilled  during 
the  year  13  non-producing  wells. 

MINOR  PRODUCTS 

Of  actinolito  a  small  quantity — 408  tons — was  exported  during  the  year,  from  b 
deposit  in  Frontenac  county,  being  valued  in  the  returns  at  $102.  A  mill  for  grinding 
actinolite  into  raw  material  for  making  fire-proof  roofing,  paint,  etc.,  has  been  "o" 
many  years  in  existence  at  Actinolite  (formerly  Bridgewater)  but  was  last  year  injured 
by  a  flood  on  the  Moira  river  to  such  an  extent  as  to  cause  its  stoppage. 

The  production  of  arsenic   in   Ontario  suffered   an   interruption   when  the  Delora 
mines  were  closed  down  about  two  years  ago,   the  auriferous  mispickel   in  which  fur- 
nished a  very  appreciable  proportion  of  the  white  arsenic  consumed  on  the  continent. 
A  new  source  of  this  product  has  been  opened  up  in  the  cobalt  and  nickel  arsenides 
of  Coleman  township,  which  have  already  been  mentioned  under  several  headings.  Th^ 
output  of  last  year  was  wholly  from  this  source,  and  amounted  to  72  tons  of  arsenic  con- 
tained in  the  exported  ore,  valued  at  $903.     Efforts  have  been  made  to  bring  about  ^^ 
resumption  of  operations  at  Deloro,  where  and  in  which  vicinity  there  are  undoubtedl>^ 
large  bodies  of  arsenical  ore,  and  some  enquiry  has  also  been  made  into  the  possibili*"^^ 
of  establishing  works    in  Coleman   to  recover  this   substance  from   tKe  ores    produceczz:^ 
there,  a  nominal  price  only  being  realized  at  present  for  their  arsenical  contents. 

The  graphite  obtained  last  year  amounted  to  235  tons  of  the  crude  article,  value 

at  $4,700.     Part  of  this  was  refined  at  the  point  of  production,  and  part  was  used  i 

the  natural   condition.     The  mines  and  works   at  Oliver's   Ferry   were  idle  during  th 

year,  but   an  amalgamation   of   interests   has  been   effected   which   is  likely   to  lead 
renewed   activity    at    that   place.      The   Black    Donald   mine   in    Brougham   townshij 
formerly  operated  by   the  Ontario   Graphite   Company   of  Ottawa,    has   been    leased 
Mr.  Rinaldo  McConnell,  who  took  possession  1st  May  1904.     Being  largely  interest 
in  the  Globe  Refining  works  a't  Oliver's  Ferry,  which  is  now  in  control  of  the  graphii 
properties  at  that  place,  Mr.  McConnell  is  probably  more  extensively  engaged  in  tl 
graphite  business  than  any  other  person  in  the  Province. 

From  the  palaeozoic  rocks  of  the  Onondaga  formation  outcroppings  in  the  valU 
of  the  Grand  river  small  quantities  of  gypsum  continue  to  be  mined  or  quarried  froi 
year  to  year.     Formerly  this  article  was  more  or  less  in  vogue  as  a  fertilizer  on  certai. 
kinds  of  soil,    but   it   is  now  for   the  most   part   utilized  in   the  manufacture   of  wa 
plaster,  kalsomining  materials,  etc.,  for  which  there  are  factories  at  Paris  and  Torontcn^ 
There  was  raised  in  1904,  5,412  tons  of  crude  gypsum,  worth  $10,674.     The  immem 
deposits  on  the  banks  of  the  Moose  river,  described  in  some  detail  by  Dr.  James 
Bell  in  the  Thirteenth  Report  of  the  Bureau  of  Mines  will  no  doubt  remain  unworke 
until  better  means  of  communication  and  transport  are  provided. 

In  the  peat  bogs  of  Ontario  is  stored  up   a  prodigious  quantity  of  carbon,  whic 
may  yet  be  drawn  upon  in  a  commercial  way  and  used  as  fuel.     The  manufacture 
compressed  peat  by  the  Dobson  process  continues  at  Beaverton,  where  some  800  ton^ 
worth  $2,400,  were  made  in  1904.     This  industry  is    also  being  established  at  Alfred  ^ 
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where  a  plant  capable  of  turning  out  50  tons  of  fuel  per  day  has  been  erected  by  the 
Montreal  &  Ottawa  Peat  Co.,  Limited,  with  a  capital  of  $75,000  and  head  ofl&ce  at  Ot- 
tawa, of  which  George  H.  Perley  is  president  and  A.  W.  Fleck  secretary-treasurer.    The 
company   own    a   peat-bog   comprising  300    acres   of   first-class   quality    adjoining    the 
railway.     Lying    about   midway   between     Ottawa     and    Montreal,    this     factory     will 
send    fuel    into    both    markets.         Ait    the    other    end    of    the    Province,  near     Fort 
Trances,  a   factory  is  being  put  up  by  the  Manitoba  Peat  Company  to  work   a  very 
large  bog  of  good  quality.     If  a  good  article  of  fuel  can  be  produced,   of  which  the 
promoters  of  the  company  have  no  doubt,  it  is  sure  of  a  free  sale  in  Winnipeg,  where 
anthracite  sells  for  $11  per  ton  and  more,  and  where  in  consequence  the  fuel  questio  i 
is  a  pressing  one.     An  efPort  is  being  made  by  Messrs,   D.  H.   and  £.  V.   Moore    •f 
Peterborough,  to  introduce  the  manufacture  of  peat  fuel  by  the   * 'machine"  methols 
so  commonly  used  in  Europe.     It  is  claimed  for  "machine''  peat  that  being  compacted 
by  shrinkage  during  the  process  of  drying,  it  will  not  disintegrate  when  burning,  an 
objection   brought  against  the  briquettes  made  by  compression.     Mr.    Moore  has   in- 
stalled an  experimental  plant  at  Victoria  Road. 

The  county  of  Hastings — whose  mineral  products  excel  in  number  and  variety 
those  of  any  other  county  in  the  Province — produced  1,313  tons  of  talc  in  1904,  valued 
at  ?2,919. 

MINING    LANDS   SOLD   AND    LEASED 

The  sales  of  land  for  mining  purposes  in  1904  covered  3,440  acres,  and  the  purchase 

money  received  was  $8,321.80,  as  against  6,437  acres  sold  for  $15,123.89  the  previous 

jear.    The  average  price  per  acre  realized  in  1904  was  $2.32,  and  in  1903,  $2.35.  Prices 

of  mining  lands  are  regulated  by  the  Mines  Act,  which  provides  that  if  in  unsurveyed 

*^trritory,   and  more  than   12  miles  from  a  railway,  the  rate  shall  be  $2  per  acre,   if 

H'itbin  12  miles,   but  more  than  6  miles  of  a  railway,   $2.50  per  acre,   and  if  nearer 

iluizi  6  miles^  $3  per  acre.     In  surveyed  townships,  the  price  is  50  cents  per  acre  more 

^Q   each  class. 

JViining  leases  were  issued  for  11,002  acres,  the  first  year's  rental  being  $1*0,762.06, 
t^s  compared  with  33,427  acres  and  $33,177.61  in  1903. 

Ihe  amount  received   as  rental    under    mining    leases    issued    prior  to  1904  wa9 
?  14,558.63,  and  on  account  of  leases  converted  into  freeholds,  $9,920.38. 

The  receipts  from  miner's  and  prospector's  licenses  was  $1,59^7.15. 

Sales 


District. 


Bainy    Eiver. . 
Thunder    Bay . 

Algoma 

Elaewhere 


Number 

of 
Grants 

..     13 


Total. 


1 
16 

33 


Acres 


2,184 

132 

84 

1.040 

3,440 


Amount 


4,923.60 
293.00 
254.00 

2,851.30 

8.321.80 


Leases 


District 


Bainy  Biver.. 
Thunder  Bay, 

Algosna 

Elsewhere — 

Total.... 


Number 
of 
Leases 


•  •  •  • 


17 

8 

30 

20 

75 


Acres 


2.932 

770 

5.347 

1,953 

11.002 


Amount 
$ 

2,932.00 

770.00 

5,232.06 

1,828.00 

10.762.06 
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MININQ   COMPANIES 

Th«  following  list  gives  particulars  of  the  joint  stock  companies  incorporated  i<r 
licensed  to  c&rr;  on  business  in  Ontario  in  some  or  all  of  the  breaches  of  the  mineral 
industry.  The  niimbor  of  coiupjinica  orgamred  under  the  laws  of  the  Province  wm 
64,  with  an  aggregate  noiniiiBl  capital  of  $'>»,:t,'io.OOO,  as  against  43  companiee  ia 
1903  baring  a  total  share  iBsue  of  $3-J.534,0(X).  In  addition  IS  companies  of  extra- 
Provincial  origin  took  ou*:  licenses  enabling  tbem  to  do  business  here,  their  joint 
combined  capital  amounting  to  $21,155,000  as  against  12  such  companies  in  190S,  hav- 
ing an  aggregate  capital  of  $12,000,000. 


Mining  Companies  Incorporated  1904. 


Name  of  Company. 


;i«k  Gold  mining  ComninT.UinileJ Dw-ember  M, 

a  U«mlnglonOlliindQi«Conipiiiir,Liiniti.-l De«-^>"    " 


DorainloD  Cenunl-Bilck  03B  .  _ 

DoMoD  Lead  aiu)  Zini-  Companr.  I 

FnililandBiicksndSiTpplyl^oiiipaiiy,  l.n 
>t  Prorfucn,  Umlled. . 


Onnd  Valter  t^t  Pi 


KS"".' 


SlUer  King  1^1.1.1  i.'.^l  '■■■I'l \'-"i.  i.imiiwi  ., 

SoTWelgn  Oil  I'uJiit""),  U"iii.-i.. 

jSDilbur;  Biii'k  C^miiiiiiij-.  Unilu-.1. 

TlcUnia  Cement  >nd  Power  Compuiy.  l.n 

'Wlndm  l>u  Company,  Umiled 

The  Abcrdivn  Development  Comivmy.  If 
The  AlpenftUll  and  Giu  Company,  Umiti'l 

The  BalUiBl  Mining  Cumpany.  LlinlUHl  

Thu  Briek  Manurficlurlnit  and  f^pply  Coiuimiiy,  1 
The  BiiilBh  Ameriean  DeTclopmenl  Corotatny.  Lli 
The  Canadian  I'emvDlBiirk Company,  Limited... 
Tile  Canadian  ronindum  Wheel  Company,  LImlU 

Thu  Canadian  Iran  Company,  Umlteal , 

Tlie  Canadian  Mlthlgao  Gold  Mlnen,  l.lmti.  ■!  , 
The  Deep  OH  and  Oaa  CuutiaDi.  Llm^ii'l 

The  Dominion  Natural  Oat  Company.  1. 

Thr  Eaal  Tonnilo  Brick  Company,  Uuin.  • 

Tbu  Empire  Salt  Cumpany.  Umll/.<d 

The  OoJerteh  Cemeni  BrlL'k  roirii-uiy    in      ■■ 

The  Hamilton  andToronlii  fi'i'' r  ?'i| 

Thelllan ■ 


The  NipTmns  Mining  Compuiy,  Llml[<.l 
The  Nonhern  Iron  iiiidateel  Company,  I: 
Tlie  Ontario  Crude  Oil  Company.  LlniH.  .1 
The  Owen  BoundllutnniOas  and  Oil  '  "> 
Till- Point  Pele«011  and  Oai  Eiploratlini  i 
The  KeadinR  Mining  Company,  Umiir-1 
The  St.  Anthony  Gold  Mining  Compuin 
TheHoutbEnexOil  andOoi  C»mpiiri>.   I 
Thu  syndicate  Uinlng  Company.  Onilii,! 
The  Tonmlo  hoilery  Ccunpany.  LlmiU-il 
TheTmnl  Creek  Development  and  Minim 
The  WeMem  Sail  Couipanv,  LlniiU-d 


ehnii 


January-     I 
DeeembeT  . 


.   Dei'emlier  S. 


1  Toronto i.ooo.an 

I.  Toronto M.OW 

l'  Pelerboro' W.OOO 

I   Toronto M.om 

I  Port  Arthur M.OM 

II  Hamllion to.tm 

1.  Toronto ta.m 

I  Toronto "W.OB 

i'  Windsor "SO.OM 

I  Bmntlord -SO.MO 

II  SlaiMmFailV:;:"  i;t!ii:ooO 

M  i<t.  Marys 'OO.OOO 

II  iSarnia in.OOl 

ti  Toronto VOO.OW 

ll  Comber ,  fMlfift 

l|  Sudbury so.wo 

i;  Lindsay |  OO.OOO 

r  T>.  i<(  Aberdeen',!  JailM 

I    Chatham   HC.OdO 

I .  Toronlfi 30D,tKO 

I  London |  to  vn 

1  Toronto. I  l.Doo.oo* 

I   Tiinmto ISO.OC^ 

li  Hamilton lO.OOC* 

1  Ottawa a.ow.iw::^ 

I.  »'aultEle.  Marie..  l.OtO.OCC^ 

|i  Ixmdon Joo.tBtT^ 

I,  Hamilton SCO.OOC^ 

I    Toronto MMC^ 

I' Sarnla |  .IgOOCJ 

1    Ooderleh i  jO.ftCJ 

■'  "       *■-       *Jf 

a 

s 

1   Ottawa' 

I    ForlWIUlam 40.L<A^ 

I    Ottilia .--.^ 

i!  Toronto":!;:::;;, 

I   Toronto ; 

1   Owen  Sound i 

i'  Toronmf"."';;::; 

I'  Ignace ^. ^ 

I    Ijeamin   ton KUino^ 

h  Toronto I  M.mC^ 

l!  Toronto |  10,l)n^ 

I,  TroutCre«k i  iM.Oa^ 


I<im'  Toronto  .. 
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Licensed  Mining  Companies,  1904. 


Name  of  Company. 


Ashland  Emery  Corundum  Company 

Big  Master  Mining  Company 

Cmig  Mining  Company 

Madoc  Mining  Company 

Minnehaha  Mining  and  Smelting  Company 

The  Camp  Bay  Gold  Mining  Company  of  Ontario,  Limited  . . .  | 

The  Detroit  and  Parry  Sound  Mining  Company,  Limited 

The  Eldomdo  Mining  Company 

The  Leamington  Oil  Company,  Limited 

The  Pacifle  Coal  and  Oil  Company,  Limited 

Trayerse  City  Gold  Reef  Company 

Young's  Lake  Mining  Company 


Head  Office  in 
Canada. 


Ottawa 

Gold  Rock 

Bannockbum 

Madoc  

Wabigoon 

Detroit,  Mich.     \ 
Rat  Portage.  Ont/ 

Parry  Sound 

Rat  Portage 

Leamington  

Toronto 

Traverse  City, 

Mich 

Webbwood 


Date. 


Capital 
I  for  use 
in  Ontario. 


June  17,  1904 

October  5,  1904 
February  13,  1904 
December  14,  1904 
August       24.  1904 

October      26,  1904 

May  11.  1904 

June  30.  1904 

December  30,  1903 
May  11,  1901 


March 
April 


16,  1904 
20,  1904 


i 


75,000 
300,000 
50,000 
40,000 
4U,000 

100,000 

50.000 

50,000 

100,000 

17,500,000 

2,800,000 
50,000 


121,155,000 


MINING  ACCIDENTS 

The  number  of  mining  accidents  in  1904  was  less  than  in  1903,  but  the  proportion 
of  fatalities  was  greater,  no  less  than  seven  men  being  killed  out  of  a  total  of  eleven 
casualties.  The  year  was  marked  by  one  of  the  severest  and  most  regrettable  accidents 
lu  the  history  of  mining  in  this  Province,  by  which  at  the  Shakespeare  gold  mine  on 
the  morning  of  August  2nd,  six  men  went  down  to  their  death  into  the  poisonous 
fumes  of  dynamite  lingering  at  the  bottom  of  the  shaft  after  the  setting  off  of  a 
Hast.     A  fuller  account  of  this  disaster  is  given  below. 


Canadian   Copper  Company. 

At  the  Canadian  Copper  Company's  works  and  mines  at  Copper  Cliff  four  accidents 
happened  during  the  year,   resulting  in  the  death   of  one  man. 

On  March  ?Oth  Gaudense  Dominick,  an  Italian,  had  his  leg  broken  below  the 
knee  while  helping  to  carry  an  **!**  beam  at  the  Ontario  smelting  works.  In  letting 
tKe  beam  down  it  rebounded,  striking  him  on  the  leg  and  breaking  it.  As  a  result  he 
^'as  laid  up  in  the  hospital  until  some  time  in  May. 

On  April  28th  at  5.15  p.  m.,  Isaac  Isaacson,  aged  22,  and  Mick  Pentila,  aged  18, 

t^ro  Finlanders  employed  at  the  Creighton  mine,  fell  from  a  rock  trestle  and  received 

»eriou8   injuries.     Hdick  Pentila's    injury  consisted   of  a   simple  fracture  of    the  left 

IHigh,  and  a  not  very  serious  contusion  of  the  knee  of  the  same  leg.     In  the  case  rf 

l&«ac8on  the  injuries  were  more  severe  and   resulted  in  his  death  the  following  day. 

Be  sustained  a  comminuted  fracture  of  the  sku^l  in  the  left  temple  region,  as  well  as 

•^  compound  fracture  of  the  left  collar  bone.     An  operation  was  performed  in  the  hope 

*^*  relieving  the  man's  condition  by  trephining,  removing  and  elevating  the  fractured 

**id  depressed  bone.     He  was  removed  to  the  hospital  at  Copper  Cliff,  where  he  diad 

^bout  2.30  p.m.,  April  29th.      Mr.  Thomas  Oliver,  coroner,  held  an  inquest  before  a 

^^^y  on  April  SOth,  who  returned  a  verdict  of  accidental  death.     The  inquest  brought 

^^t  the  fact  that  the  two  injured  men  were  working  on  a  rock  trestle  along  with  two 

^*iierB.    The  trestle  was  25  feet  high,  with  a  railing  three  feet  high  on  both  sides.    The 

^o  men  were  leaning  against  ^this  railing,  when  it  suddenly  gave  way,  allowing  them 

^  fall  to  the  rocks  below.     In  the  case  of  Pentila  recovery  took  about  ten  weeks. 

On  the  22nd  June»  Joseph  Yamary,  while  working  in  the  Copper  Cliff  rock  dump, 
dipped  and  fell,  sustaining  a  fracture  of  the  bones  of  the  left  forearm.  He  was  taken 
^'  the  hospital  and  laid  up  for  a  few  weeks. 
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On  25th  November,  Andrew  Dingier,  a  laborer  in  the  rock  house  at  Creightoa 
mine,  had  his  leg  broken  by  being  carried  around  a  pulley,  resulting  from  an  attempt 
to  throw  a  belt  off  the  pulley  with  his  foot.  He  sustained  three  fractures  of  the  right 
leg  below  the  knee.    He  was  taken  to  the  hospital  at  Copper  Cliff. 

Shakespeare  Qold   Mine 

On  2nd  August  1904  between  7  and  7.30  a.m.,  six  men  lost  their  lives  at  this 
mine  by  asphyxiation  or  poisoning,  or  both,  from  inhaling  the  "smoke"  or  gases,  in 
the  underground  workings,  resulting  from  a  previous  blast  of  dynamite.  The  deceased 
were  N.  Macmillan,  superintendent,  Peter  Reed,  engineer  and  blacksmith,  Joseph 
Disley,  Peter  Grant,  John  Waters  and  Eli  Latour,  miners.  An  investigation  into  the 
circumstances  surrounding  this  fatality  was  made  by  Mr.  W.  E.  H.  Carter,  Inspector 
cf  Mines,  whose  report  is  substantially  as  follows: 

The  total  force  at  the  mine  was  seven,  and  only  the  seventh  man,  who  worked  on 
the   surface  was  left   alive.     The  former  superintendent,   Jas.  Cronan,   was    however 
present  at  the  time  of  the  accident,  and  also    W.  E.  Seelye,  vice-president  of  the  com- 
pany, the  Shakespeare  Gold  Mining  Company,  Limited.     A  number  of  outsiders  from 
the  adjacent  Foley  mine  and  the  town,  etc.,  were  immediately  summoned  and  quickly 
appeared  on  the  scene.     Mr.  Macmillan  had  been  in  charge  of  the  property  from  22nd 
July,  a  period  of  10  days.     The  mine  workings  measured  as  follows,  at  date  of  August 
2nd  1904 :    Shaft,  95  feet  deep,  vertical,  and  7  feet  by  7  feet    in    size    inside   and  to 
Fottom  of  timbers  (down  to  the  tunnel  or  53-foot  level)   and  decreasing  below  this  to 
about  6  feet   by  6   feet  in  the   rock  at   bottom.      The   tunnel,   driven  N.   W.   75  feet, 
intersects  the  shaft  at  its  face  at  53  feet  depth ;  and  from  the  same  level  drifts  run 
S.  W.  43  feet  and  N.  E.  37  feet,  with  a  crosscut  S.  W.  17  feefc  from  the  face  of  the  latter. 
The  second  level  is  at  a  depth  of  90  feet,  and  consists  merely  of  a  crosscut  running      , 
b.   W.  33  feet,  directly   under  the  tunnel.     The  4  or  5-foot  sump   at  bottom  of  shaft 
is  usually  full  of  water,   and  was  so  on  2nd  August.     Entrance  to  the  lower  workinis 
is  by  the  tunnel  and  down  hanging  ladders  in  the  shaft.     The  two  shaft  compartment* 
have  not  been   partitioned  off.     Hoisting  is   done  by  bucket  and  steam   hoist  engin®- 
The  surface  plant  at  the  mine  consists  simply  of  a  power  house  containing  a  40- 
or  50-horse  power  boiler,  the  hoist  engine  and   a  3-drill  Ingersoll  air  compressor,  all 
apparently  in  fair  if  not  good  working  order. 

There  had  been  no  night  shift  for  a  while  previous  to  the  2nd  August,  the  tw*^ 
crews  of  miners  of  two  men  each  working  on  day  shift  only,  one  driving  the  secon-^* 
level  S.  VV.  crosscut,  in  the  face  of  which  the  blasting  was  done  which  was  the  indir^*^ 
cause  of  the  accident;  and  the  other  the  first  level  N.   E.    drift. 

Following  the  usual  custom,  the  blast  was  set  off  at  the  end  of  the  shift,  at  abot*^ 
5.30  p.  m.     There  were  five  holes,  and  of  those  three  were  set  off  first  by  themselv^*^ 
«t  the  above  hour.     The  air  was  then  blown  in  from  the  compressor  until  6.30,  or  affc^^ 
supper,  when  one  of  the  crew  went  down  into  the  mine  and  set  off  the  remaining  tv^^ 
holes.     The  air  hose  was  hung  up  in  the  shaft  above  the  lower  crosscut  and  remainc^^ 
there  until  next  morning,  no  attempt  being  made  to  blow  out  the  gas  from  this  secoi^*' 
round   of   holes.     Now,   in   such  cases   as   this,   namely  when   blasting   had   been    do«^® 
subsequent  to  the  last  exit  of  the  miners,  the  orders  from  the  superintendent  to  tl^^ 
engineer  were  that  the  latter  should  blow  out  the  smoke  with  air  from  the  compressC^^ 
for  at  least  about  10  minutes,  (no  stated  period  specified  and  the  order  being  to  th^'^ 
extent  indefinite)  before  the  men  went  down  to  work  in  the  morning  again.     If  thoT'^ 
was  a  night  shift  as  well  as   day,   with  blasting   at  the  end  of  each,  the  compressor 
was  kept  running  for  the  hour  or  more  between  the  two  shifts  blowing  out  the  smok^ 
and  gases,  the  next  shift  finding  the  air  good  by  the  time  they  were  ready  to  descenc^' 
This  precaution   had  latterly,  with  the  extension  of   the  lower  workings^   been   foun-^ 
Bcessary,   because   the  natural   draught,  at   all  times  very  poor,    could   not  be  relief 
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K>n  to  clarify  the  air.  A  strong  draught  prevails  most  of  the  time  through  the  tunn&l 
td  up  the  upper  half  of  the  shaft ;  but  this  did  not  stir  up  any  appreciable  circulatiou 
the  air  in  the  shaft  and  crosscut  below  the  tunnel  level.  These  facts  appear  to 
ive  been  well  known  to  the  deceased  men,  particularly  to  the  four  miners  who  went 
»wn  the  workings  first.  It  has  also  been  shown  that  this  portion  of  the  shaft  was 
ue  with  smoke*,  which  should  hfave  been  sufficient  to  deter  men  from  entering  before 
eah  air  was  supplied  them. 

On  the  morning  of  the  accident  the  engineer,  Peter  Reed,  had  gone  to  the  power 
luse  before  breakfast  and  put  a  fire  in  the  boiler  so  that  steam  was  up  to  about  40 
»andB  at  7  a.  m.  But  instead  of  returning  there  again  before  7  a.  m.  and  starting 
e  compressor  so  that  the  men  might  have  fresh  air  when  they  went  down,  he  went 
er  in  company  with  the  miners.  Just  at  7  a.  m.,  as  the  whistle  blew,  the  four 
iners  went  in  the  tunnel  and  descended  the  shaft.  -  Only  two  should  have  gone  down, 
Qce  the  other  two  were  working  in  the  drift  on  the  tunnel  level.  It  is  not  known 
liy  the  whole  four  of  them  descended.  However,  on  the  way  down  they  took  the  air 
>se  from  where  it  lay  on  the  timbers  just  above  this  bottom  crosscut  and  had  time 
>  carry  it  in  to  the  face  of  this  crosscut;  but  there  one  man  dropped  across  it,  and 
ro  dropped  at  the  mouth  of  the  crosscut  and  the  fourth  fell  into  the  shaft  sump,  all 
lercome  by  the  gas.  Total  paralysis  or  unconsciousness  was  not  immediate;  their 
louting,  or  at  lea^t  one  shout,  was  heard  from  the  power  house  at  the  mouth  of  the 
onnel  just  after  their  descent,  and  on  hearing  it  Reed  and  the  other  surface  man 
Tished  into  the  tunnel  and  heard  the  men  groaning  also.  All  signs  of  life  disappeare-j, 
18  nearly  as  can  be  ascertained,  within  one  or  two  minutes  of  their  descent,  due  uc 
lonbt  of  paralysis,  followed  by  unconsciousness.  Death  itself  would  not  necessarily 
fallow  for  some  minutes  after,  and  had  the  men  been  raised  to  the  surface  within  a 
ihort  time  they  might  even  then  have  been  rescusitated. 

Reed,  instead  of  rushing  back  again  and  starting  the  air  compressor  to  give  tbo 
Qen  air,  went  down  the  ladders  himself  and  fell  off  into  the  sump,  overcome.  It  was 
Tobably  then  about  7.05  a.m.  The  superintendent,  Mr.  N.  Macmillan,  with  Mr. 
^ronan,  then  arrived  on  the  scene  from  the  boarding  house  and  in  a  few  minutes — 
ariously  stated  at  trom  10  to  15  minutes — the  air  compressor  was  put  in  operation 
nd  air  blown  below.  The  bucket  in  the  shaft  was  at  the  same  time  raised  and  lowered 
ontinuously  to  help  start  an  air  current.  Macmillan  (about  7.20  a.  m.)  went  in  the 
luinel  again,  and  then  he  also  went  down  the  shaft,  and,  like  the  engineer^  dropped 
ff  before  reaching  the  bottom. 

Cronan  then  took  charge  of  things,  and  let  down  a  second  line  of  air  hose;  but 
ot  until  about  10  a.  m.  did  anyone  venture  to  enter  the  workings  again.  The  decease! 
ien  were  then  raised  to  thte  surface.  Their  appearance  differed  but  little  from  whi^n 
Hve,  according  to  the  evidence  of  the  bystanders.  This  leads  to  the  belief  that, 
^ides  carbonic  acid  gas  and  nitrogen,  there  was  a  relatively  large  percentage  in  tho 
^ses  of  carbon  monoxide,  which  is  a  poison,  alone  producing  unconsciousness  im- 
mediately. 

The  remaining  dynamite  was  not  in  the  best  of  condition  apparently  (1)  because 
^ce  its  arrival  in  December  1903  the  boxes  had  nob  been  once  turned  over,  and 
^is  had  caused  the  nitro-glycerine  to  partially  settle  to  the  lower  side  of  the  cartridges ; 
^d  (2)  because  on  account  of  leaks  in  the  roof  of  the  magazine,  the  upper  layer  or 
^o  of  cartridges  in  each  box  had  absorbed  considerable  water.  The  explosion  of  such 
ynamite  in  all  probability  would  be  attended  with  the  generation  of  more  smoke  and 
^  than  that  from  good,  fresh  dynamite,  so  that  is  is  quite  possible,  if  not  likely, 
^at  the  charge  on  the  night  previous  to  the  accident  produced  an  extra  quantity  of 
^e  injurious*  gases.  The  dynamite  was  made  by  the  Ontario  Powder  Company,  and, 
^<*ording  to  the  evidence,  has  given  satisfaction,  the  only  misfires  reported,  according 
^o  James  Cronan,  being  due  to  unexploded  detonating  caps. 
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The  bodies  were  removed  and  buried  by  the  relatives  of  the  deceased.  No  post 
>rtem  examination  was  made  upon  any  one  of  them.  This  should  have  been  done, 
wever,  for  the  determination  if  possible  of  the  particular  gas,  if  there  was  one  in 
rticular,  and  if  not,  then  of  all  the  gases,  which  caused  death. 

That  death  was  due  to  inspiring  noxious  or  poisonous  gases  cannot  be  doubted; 
)r  that  these  gases  were  generated  by  the  explosion  of  the  charge  of  dynamite  on 
e  evening  previous;  and  it  is  possible  if  not  probable  that  the  condition  of  the 
namite  caused  the  formation  of  an  undue  percentage  of  these  gases.  The  dynamite, 
iwever,  cannot  be  blamed,  since  in  its  explosion  these  gases  are  always  generated  in 
mgerous  quantities.  The  accident  was  due  to  the  failure  of  the  engineer,  Peter 
Bed,  to  blow  out  the  smoke  and  gases  from  the  mine  before  the  men  went  down,  and 
I  the  carelessness  of  the  men  themselves  in  entering  the  workings  before  fresh  air 
B8  blown  in.  Superintendent  Macmillan,  and  also  engineer  Reed,  sacrificed  their 
res  in  an  effort  to  save  their  fellows,  but  unfortunately  without  any  forethought, 
)r  otherwise  they  would  have  recognized  the  certainty  of  their  own  death  in  the 
)urse  they  took,  and  would  have  made  more  effectual  efforts  from  the  surface,  where 
liey  were  so  badly  needed. 


THE  DIAMOND  DRILLS 

The  last  operations  of  the  "C  diamond  drill  in  1903  were  in  Dufferin  county, 
t  June  of  1904  the  drill  was  placed  at  the  disposal  of  the  Black  Bay  Mining  Company 
be  used  on  their  property  in  exploring  for  copper.  This  property  is  location  McA  217 
the  east  side  of  Black  bay,  lake  Superior,  and  is  46  miles  from  Port  Arthur  by 
*9Lt.  Considerable  development  work  had  already  been  done,  a  shaft  having  been 
nk  to  a  depth  of  over  100  feet.  Some  ore  had  been  found  up  to  this  depth,  whcii 
sandstone  formation  was  encountered.  This  property  is  described  in  the  Thirteenth 
3port  of  the  Bureau  of  Mines.  It  was  thought  that  the  ore  body  would  be  foun  1 
^in  at  a  greater  depth,  so  a  vertical  hole  was  drilled  to  a  depth  of  1,000  feet.  The 
-ks  traversed  by  the  drill  were  chiefly  amvgdaloidal  trap,  sandstone,  quartzite  and 
tiglomerate. 

Only  one  hole  was  bored  at  a  total  cost  of  $1,033.82,  or  $1.03  per  foot,  and  tho 
t  cost  to  the  operators  amounted  to  $672.00,  or  $0.67  per  foot,  while  the  gross  coat 
diamonds  per  foot  was  $0.28. 

When  drilling  operations  ceased  at  Black  bay,  the  drill  was  moved  to  Port  Arthur 
xi  thence  to  Loon  lake,  to  be  used  by  Wiley  &  Company,  on  lot  8  in  the  seventh  con- 
seion  of  McTavish,  District  of  Thunder  Bay.  This  district  has  been  described  in  the 
^elfth  Report  of  the  Bureau  of  Mines,  page  310. 

The  property  has  been  prospected  quite  thoroughly  by  test  pits,   anJ  three  shafts 

^d  also  been  sunk  to  depths  of  20,  25  and  30  feet  respectively.  The  higher  formation 

owa  iron  exposed  without  any  taconite  covering,  but  south  of  this  the  covering  seems 

grow  thicker.     Ore  of  fine  quality  is  found  where  the  taconite  covering  is  lacking. 

The  special  Committee  on  the  Nomenclature  and  Correlation  of  the  Geologicil 
^rmations  of  the  United  States  and  Canada  visited  this  area  *'n  1904,  and  describ'i)d 
e  succession  as  follows:  '^The  top  series  is  the  Keweenawan,  here  consisting  of 
ixdstone  above  and  conglomerate  below,  with  interbanded  basic  igneous  flows.  Belonr 
te  Keweenawan  is  the  Animikie.  The  Animikie  here  has  in  general  rather  fiat  dips, 
thoTigh  locally  they  become  somewhat  steeper.  At  the  base  of  this  formation  is  a 
^Uglomerate,  bearing   fragments  of  the    next   underlying  series — a    graywacke  slate." 
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Four  diamond  drill  holes  were  sunk  by  Wiley  &  Company  on  their  property  having 
lepths  of  48,  60,  45i  and  46  feet  respectively,  or  a  total  of  199i  feet. 

The  ore  occurred  underlying  the  taconite,  and  in  some  cases  the  ore  and  taconita 
Kcurred  very  regularly  in  layers.  Underlying  this  formation  conglomerate  and  gray- 
lacke  were  encountered. 

The  total  cost  of  drilling  199.5  feet  was  $708.10,  or  $3.55  per  foot,  being  a  net 
?ost  to  the  operator  of  $460.25,  or  $2.31  per  foot,  and  the  gross  cost  of  diamonu^ 
amouirted  ^o  $0.75  per  foot. 

The  **S''  diamond  drill  was  in  operation  in  Parry  Sound  District  near  Burk'^ 
I  alls  until  February  of  1904.  An  account  of  this  is  given  in  last  year's  Report  of  the 
Bureau  of  Mines. 

In  September  the  drill  was  sent  to  the  northeast  arm  of  lake  Temagami  to  bore 
lor  iron  for  Mr.  T.  B.  Caldwell,  et  al.  The  iron  in  this  district  is  a  magnetite,  gen- 
erally interbanded  or  closely  associated  with  jasper.  A  description  of  the  iron  ore 
of  the  district  surrounding  lake  Temagami  is  found  in  the  Tenth  Report  of  the  Bureau 
of  Mines. 

Iron  ore  was  reported  to  have  been  discovered  in  the  vicinity  of  this  lake 
in  the  autumn  of  1899.  Little  however  was  done  for  some  time,  owing  to  the  lands 
ying  within  the  Temagami  Forest  Reserve.  In  1902  regulations  were  passed  allowing 
)rospecting  for  minerals  in  the  Reserve.  Also,  the  building  of  the  Temiskaming  and 
Northern  Ontario  railway  made  the  ceposit?  easy  of  access. 

Great  diflBculty  was  encountered  in  drilling.  At  a  depth  of  194  feet  a  cavity  was 
»ncountored,  from  which  there  was  a  very  heavy  flow  of  water.  The  cavity  also  con- 
ained  loose  and  broken  boulders  of  chert.  The  hole  was  roamed  to  a  diameter  of  two 
nches,  and  casing  inserted,  but  it  was  found  impossible  to  drive  owing  to  the  number 
►f  boulders.  The  hole  was,  therefore,  abandoned.  The  rocks  passed  through  were 
greenstone,  diorite  and  chert. 

The  total  cost  of  drilling,  exclusive  of  the  operations  at  Lake  Temagami,  was 
M, 741. 92,  or  $1.45  per  foot,  the  net  cost  to  the  operators  being  $1,132.25,  or  $0.94  per 
oot,  while  the  gross  cost  of  diamonds  per  foot  was  $0.94. 

Owing  to  ttte  late  season,  drilling  was  abandoned  for  the  time. 


PROVINCIAL  ASSAY  OFFICE 

^Ir.  A.  G.  Burrows,  in  charge  of  the  Provincial  Assay  Office,  Belleville,  furnishes 
•"e  following  report  of  its  operations  in  1904 : 

The  Provincial  Assay  Office  was  established  in  1898,  by  the  Ontario  Government, 
»fith  a  view  of  aiding  the  mineral  development  of  the  Province.  Since  this  time  It 
'"^s  been  of  much  convenience  to  the  public,  affording  facilities  for  obtaining  reliable 
^^d  independent  examination   of  materials  at  reasonable  rates. 

The  samples  for  examination  are  chiefly  from  the  newer  portions  of  the  Province, 

^bere  the  search  for  mineral  wealth  is  more  active  than  in  the  older  parts.     During 

*^e  past  year  that  portion  of  Ontario  along  the  line  of  the  Temiskaming  and  Northera 

"itariG  railway  has  been  partially  explored,  and  various  ores  of  great  value  have  been 

^Und.    Besides  the  silver-nickel-cobalt  deposits,  copper  and  iron  ores  have  been  located, 

^^d  samples   of  these   have  been   examined  at  the  office.      Increased  activity  in  iron 

^^ploration  in  Rainy  River  district,  has  proved  the  presence  of  valuable  iron  deposits. 

^^mples  analyzed  at  the  office  were  very  promising.    Some  of  these  are  high  in  sulphur, 

"Ut  many  are  of  Bessemer  grade.     As  in  former  years  the  bulk  of  gold  ore  samples 

^ame  from  western   Ontario,  with  occasional   samples  from  other  parts.     The  copper 

^^©8  were  chiefly  from  the  region  between  Sault  Ste.  Marie  and  Parry  Sound. 
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Other  materials  examined  were  zinc,  lead,  molybdenum  and  nickel  ores,  limestones 
and  clays,  corundum,  sulpkur  and  arsenic  ores,  besides  some.artifical  products. 

During  the  year  792  samples  were  analyzed  in  whole  or  part,  giving  the  percent- 
ages of  metal,  etc. ;  while  173  specimens  were  reported  on  as  to  commercial  valne, 
being  identified  either  by  hand  examination  or  qualitative  methods.  The  analyticaf 
work  is  checked  off  in  duplicate  to  minimize  the  chance,  of  error  in  issuing  certificates. 

Work  for  Bureau  of  Mines 

The  following  services  have  been  performed  for  the  Bureau  during  the  year: 

(a)  Issuing  reports  on  samples  collected  by  government  geologists  during  theL- 
summer's  explorations.     The  material  submitted  included: 

(1)  Iron  ores  from  the  iron  ranges  of  Michipicoten  district. 

(2)  Cobalt-silver-nickel  ores  from  the  vicinity  of  Cobalt.  Besides  making  many 
analyses  of  the  various  ores  of  the  district,  special  attention  was  given  to  workiag 
out  the  chemical  composition  of  many  of  the  accessory  minerals,  which  have  a  scieo- 
fific  interest.     These  are  referred  to  in  Prof.  Miller's  reports  on  this  region. 

(3)  Peat  samples  from  northern  Algoma  and  Nipissing.  On  analysis,  these  proved 
to  be  of  fine  quality  and  suitable  for  the  manufacture  of  peat  fuel. 

(b)  Issuing  check  reports  on  pulped  samples  of  iron  ore  raised  and  smelted  in 
Ontario,  on  which  it  was  proposed  to  claim  the  bounty  provided  by  the  Iron  Mining 
Fund. 

(c)  Additional  analyses  of  limestones,  for  report  on  the  limestone  industry  of  the 
Province.  Some  of  the  samples  were  found  to  be  of  great  purity,  so  that  materal 
is  at  hand  for  any  of  the  purposes  for  which  quality  is  required,  such  as  sugar  refining?, 
paper  manufacture,  cement,  etc. 

Work  for  Private  Parties 

The  following  services  have  been  performed  for  the  public,   during  the  year: 

(a)  Issuing  reports,  consisting  of  assays,  analysis,  identifications  and  other  com- 
mercial tests.  While  a  fee  on  a  reduced  scale  is  charged  for  the  work,  it  is  requirnl 
that  it  be  paid  before   certificates  are  issued. 

(b)  Supplying  information  where  possible  to  owners  of  mineral  lands  and  others, 
who  desire  to  be  placed  in  touch  with  purchasers,  and  also  advising  as  to  value,  uses, 
etc.,  of  their  materials. 

(c)  Making  check  determinations  and  control  assays,  in  case  of  disputes  as  to 
correct  values. 

(d)  Sending  samples  of  ores  and  minerals  to  parties  desiring  to  use  them  f^^ 
ccmparison  in  prospecting. 

The  varied  nature  of  the  analytical  work  required  of  the  oflBce  during  the  year 
may  be  seen  from  the  following  list  of  determinations. 

Assays.  For  Bureau.    For  Public.    Total. 


Gold     (amalgamation)     

2 

4 

6 

Gold    (fire    assay) 

...       43 

428 

471 

Silver 

...       50 

143 

193 

Platinum 

2 

14 

16 

Cobalt 

...       20 

7 

27 

Nickel 

...       20 

32 

52 

Copper 

...       12 

62 

74 

Manganese 

1 

7 

8 

Bismuth 

2 

0 

2 

Molybdenum 

4 

5 

Zinc 

8 

12 

Lead 

10 

14 

Tin 

1 

2 

Arsenic 

...       17 

2 

19 

Antimony 

0 

4 

Total  .    ..    

...     183 

722 

905 

1905  Statistical  Review  53 


MeUlUo  iron 76  S8  104 

Alumina 91  38  129 

8UiM 96  as  118 

UIII6     .•••     ••••••     ••••••     ••••••  93  17  110 

Ka^ctta 93  15  108 

FMrrlo   oxide 79  15  94 

Ferront  ozida 6  8  8 

Solphnr ^ 136  84  170 

Mobtiire 78  8  86 

AlkaUM....     68  18  74 

Organio 37  0  37 

Pbotphorotr 40  10  60 

Titaniiim 18  10  83 

Miioellaneoiui 197  38 


Total 1,096  844  1,340 

Total  AMayi 905 

"     AnalyiM 1,340 

"     Idontlfloatloiui 178 

Total  DetarminatioiM 8,417 

Location 

The  office  b  located  in  the  city  of  Belleville,  on  Victoria  avenue,  and  is  housed 
in  a  two-storey  brick  building.  The  lower  floor  is  utilized  as  an  office,  with  grinding 
room  in  the  rear,  while  the  upper  floor  is  devoted  to  analytical  purposes.  The  labora- 
tory is  equipped  for  making  all  mineral  analyses. 

Methods 

The  following  methods  are  used: 

Gold  and  silver  (1)  by  fire  assay,  using  gasoline  for  fuel.  Owing  to  the  great 
''ariety  of  ores  treated,  it  is  found  more  satisfactory  to  roast  all  ores  containing  sul- 
^har  and  arsenic,  rather  than  attempt  to  eliminate  these  elements  during  fusion. 
^0  furnaces  are  used,  a  large  Hoskins  for  making  a  number  of  assays  at  a  time,  and 
'  smaller  one  for  limited  work.  An  assay  balance,  sensitive  to  one  one-hundredth  of  a 
milligram  is  used  for  weighing  the  beads  and  residues.  (2)  By  amalgamation,  to  test 
be  free  milling  character  of  the  ore. 

Platinum:  By  fire  assay. 

Copper:   By  cyanide  titration,  and  electrolytic  methods. 

Nickel  and  cobalt:  By  electrolytic  method.  For  this  purpose  a  set  of  potash 
^  (Edison  Primary)  is  used.  The  metals  are  plated  together,  and  afterwards 
^srated  by  dissolving,  and  precipitating  cobalt  as  potassic  cobaltic  nitrite. 

Lead:   By  ammonium  molybdate  titration  method. 

Zinc:   By  titration  with  potassium  ferrocyanide. 

Other  determinations  are  made  by  standard  methods. 

All  samples  are  pulped  to  lOO-mesh,  and  those  requiring  finer  reduction  are  ground 
Ji  an  agate  mortar  to  an  impalpable  powder.  Wet  ores  are  dried  at  100  C.  and  analysis 
reported  at  that  temperature.  In  other  cases  the  analysis  is  reported  at  ordinary 
temperature. 

Notes 

Samples  brought  personally  to  the  office  are  examined  free  of  charge,  except  where 
aantitative  work  is  desired.  Circulars  of  rates,  sample  bags  and  mailing  envelopes 
'e  supplied  to  those  desiring  to  send  in  samples. 

One  laboratory  assistant  was  employed  during  the  year.  Mr.  G.  H.  Hambly  acted 
assistant  till  first  of  October,  when  he  left  to  accept  a  position  in  the  chemical 
[KMratory  at  Helen  mine,  Michipicoten. 

Fees  amounting  to  $830.30  were  collected  and  remitted  to  the  Bureau  of  Mines. 
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MINING  AGENCIES 

Sudbury 

Mr.  T.  J.  Ryan,  Crown  Lands  and  Mining  Agent  at  Sudbury,  makes  the  following 
report : 

I  beg  to  submit  a  short  account  of  the  workings  of  the  Mining  Lands  agency  at 
Siudbury  during  the  year  1904. 

The  Mining  agency,  which  is  carried  on  in  conjunction  with  the  Crown  Lands 
Agepcy,  with  29  townships  open  to  prospectors,  was  opened  in  1900.  In  1901,  1902 
and  1903,  there  was  great  activity  in  prospecting  and  taking  up  mining  lands.  During 
bcme  of  these  years  this  agency  sent  in  applications  for  over  15,000  acres,  and  paid 
in  over  $2,100  in  cash  in  the  year  on  account  of  mining  lands. 

The  year  1904  was  less  active.  This  was  partly  due  to  the  short  and  very  raby 
season,  making  it  almost  impossible  to  use  the  tote  roads  and  trails,  especially  in  low 
lands.  Another  reason  was  the  fact  that  many  of  the  prospectors  were  attracted  lo 
the  new  Temiskaming  country,  along  the  Grovernment  line  of  railway,  by  the  discoven 
of  rich  deposits  of  cobalt,  nickel,  arsenic  and  silver  ores.  All  applications  would 
go  in  from  the  agency  in  that  district,  or  direct  to  the  Department  at  Toronto. 

This  Mining  agency  is  extensively  used  from  all  parts  of  the  district  by  prospectors 
and  others,  both  by  letter  and  personally  by  use  of  the  Land  Roll  open  to  eyer? 
person  free  of  charge.  Mining  maps,  reports.  Mines  Acts,  blank  forms  of  affidaWts 
and  applications,  etc.,  are  all  kept  on  hand  and  furnished  free  or  mailed  to  prospectors 
who  cannot  get  in.  The  map  issued  by  the  Department  of  the  **Sudbury  NicW 
District"  is  always  in  demand. 

However,  operations  with  the  mining  companies  in  the  district  have  been  active, 
especially  with  The  Huronian  Company,  where  the  work  in  developing  water  power 
on  the  Spanish  river  has  been  of  a  gigantic  nature.  The  North  Star  mine  also  changed 
hands  to  the  Mond  Nickel  Company,  and  is  being  actively  developed,  with  entirely 
gratifying  results. 

The  year  1905  will  see  a  great  revolution  in  mining  here,  when  the  water  power 
companies  commence  to  generate  electricity. 

The  summer  mining  schools  or  classes  conducted  here  each  year  give  saCisfaction 
and  are  a  great  benefit  to  prospectors  and  others.  The  Provincial  Assay  Office  h»* 
leen  of  splendid  service  to  prospectors  and  those  who  want  to  obtain  reliable  reporta 
on  their  finds. 

Rat  Portage 

Mr.  N.   Seegmiller,  Mining  Agent  at  Rat  Portage,   reports  as  follows: 

I  beg  leave  to  submit  the  following  report  covering  the  work  of  this  office  wito 
legard  to  mining  lands  for  the  year  1904. 

A  great  many  inquiries  were  received  for  information  about  the  mining  lands  ado 
minerals  of  this  district,  all  of  which  received  careful  attention.  Maps  and  report 
of  the  Bureau  of  Mines  were  furnished  upon  request. 

Very  few  new  locations  were  taken  up  during  the  year  and  but  few  properties  were 
worked.  The  Eagle  Lake  district  was  fairly  active,  most  of  the  exploring  and  develop* 
niont  work  being  done  there.  In  the  Lake  of  the  Woods  district  the  Sultana,  Bl»cK 
J  a\;le,  Golden  Horn  and  Olympia  mines  did  considerable  work  and  were  visited  b/ 
American  and  foreign  capitalists. 

The  receipts  of  this  office  were  derived  chiefly  from  rentals  and  the  sale  of  leased 
lands. 

Enquiries  were  received  about  the  country  lying  north  of  the  Canadian  Pacific 
Railway  along  the  proposed  route  of  the  new  transcontinental  line,  but  as  no  authentic? 
maps  of  this  territory  are  available  and  but  little  known  of  its  mineral  resources,  no^ 
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information  could  be  given.     This  part  of  the  Province  no  doubt  will  raceivo 
et  deftl  of  ftttenttos  during  tine  coining  ■ 


Mlchlpicoten  Mining  Division 

Ir.  D.  G.  Bojd  reports  U  follows: 

he  year  190t  wm  the  quietest,  both  as  regards  the  staking  of  claims  and  devdop- 

of  proepects,  in  the  history  of  the  district.    Owing  to  the  continued  dulneas,  the 

office  was  closed  at  the  Mid  of  July,  and  the  busiDess  was  thenceforward  carried 

)in  Toronto. 

'he   total   imniber  of  licenses  issued  during  the  year  was   S9,   and  the  number  of 

I  registered  70,  while  the  total  amount  of  fees  received  was  91ifi04. 

little  was  done  in  the  way  of  attnal  miiung  except  at  the  Helen  iron  mine,  which 

led  operations  in  Jul;,   and  continued  steadily  at  work  for  the  remainder  of  the 

.ppended  is  a  list  of  licenBeea,  giving  place  of  residence,  number  of  license  anJ 
er  of  claims  <if  an;)  registered  during  the  year.  Where  not  otherwise  indicated, 
censees  are  residents  of  Ontario. 


L  P.  V.  B... 
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,1  Mic'hlpleoli'ii  HiTer... 
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.;  B.P.  MHrlc 

.|  M.S.  Marie,  Mlvh 

.1  S.S.  Marlr 

'.\  MIohlpk-olenRii-er.i! 

.    8.  P.  M»rii-. 

.    H.S.MkHg.  Mich 

.:  W«w. 

.:  Mli^liipk-ulen  River... 


e,  R  C S^.S.  M«rie,  lllrli.. 


C.W P.(i,Miirie.\ 

n  J.  V S.  K.  M«rie... 

ik.H.B .Mlchi|ii.'ot.'n 


Mic'liiulrotcn 
-.S.^Brio... 


al  (jold  Mng.  Co.,  LimlUfl. . . 
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License. 


Legge.  C.H.... 

Legge.  J 

Lemieux,  M.  C 
Letellier,  J.  T.. 


Martin.  P.  J.  S 

May,  E 

Micliaol.  G.  F 

Miller.  E.  H 

Miller,  Q.  li. 

Miller,  J.  M 

Miller,  R.J 

Murray.  T.  H 

McDonald,  M.  F 

McI>oufcaIl.  L 

McDougall,  W.  H 

McPhafi,  D.  P 


S.  S.  Marie. 
Michipicoten  River 

S.S.Marie 

St  Thomas 


It 


8.  8.  Marie 

S.  S.  Marie.  Mich, 
White  River 


Newton,  E.  L. 
Newton,  H.  L. 


8.  8.  Marie 

8.  8.  Marie,  Mich. 


Orchard.F 8  S.Marie. 


Parlu.O.  F 

Plummer,  H.  L 

PononiHh,  A 

Pratt,  W 

Premier  Gold  Mining  Ck). 


MarysWlle,  Cal 

8.  S.  Mario 

White  River 

Michipicoten  River. 
St.  Thomas 


Reed,  G.. 
Reed,  8.. 
Rit>erg.  J 


Saylea.  C.  N. 
Shafer,  F.  . 
StoUe,  H.  U 


Touchette.  J  — 
Towers.  H.  H... 
Towers.  T.  A.  P. 

Travis,  R.  L 

Trotter,  A 

Trotier,  T.  W... 


Missanabie . 
H.».  Marie.. 


Michipicoten  River. 
8.  S.  Marie 


Walker.  G.  H.. 

Warren,  8 

Webster,  W.... 
Wilde  J.  A.... 
Willmott.  A.  B. 

Wright,  K 

Wynn,  J.  S.  ... 


Wawa 

8.  S.  Marie 

8.  S.  MHrie,  Mich. 
S.  8.  Marie 


No.  of  License.  No.  of  Claiau 


i 


Michipicoten  River 

8.  8.  Marie,  Mich...!!".!...'."!!.*.*!.!.*.* 

3.  s.  Aiarie,  Alien 

It  1. 

Tripoli,  Wis !!!!!!!!!!!!!!!!!!! 


1506 
1505 
14G9 
1429 

1497 
1487 
1436 
1428 
1427 
1426 
1425 
1496 
1420 
1502 
1451 
1496 

1475 
1474 

1433 

1467 
1468 
1450 
1472 
1607 

1500 
1501 
1463 

1430 
1435 
1479 

1421 
1495 
1447 
1444 
1432 
1424 

1466 
1486 
1456 
1483 
1490 
1499 
1489 


1575 
1508 


ISM 


1569 
1588 

1561 


1580 

1569 
1.568 
1576 

1622 

1579 


1592 
1571 
1567 
1568 
1564 


1610. 1614 
162S 

16%.  1607 
1615, 1616 

1611, 1612,  lfl» 
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SUMMER  MINING  CLASSES 

m 

BY  W.  L.  GOODWIN 

Itinerary 

PreparationB  were  begun  on  April  29th.  Although  large  quantities  of  minerals 
aye  been  collected  for  the  purpose,  it  was  still  fpund  necessary  to  purchase  a  few  to 
U  out  gaps  in  the  collections.  Instead  of  carrying  the  whole  outfit  of  minerals  from 
lace  to  place,  a  box  was  made  up  for  each  place,  and  sent  by  express  from  Kingston 
bout  a  week  before  the  date  of  beginning  the  class.  In  this  way  the  luggage  w&s 
)duced,  and  much  labor  was  saved  in  packing  and  unpacking.  It  also  made  the 
iggage  more  manageable  in  cases  where  portaging  was  necessary. 

The  writer  left  Kingston  May  2nd,  accompanied  by  Herbert  Van  Winckel,   aad 
unped  that  night  at  the  pyrite  mine  of  the  Madoc  Mining  Company,  near  Bannock- 
am.     The  journey  was  made  via  Grand   Trunk  railway  to  Trenton,   and  thence  by 
entral   Ontario    railway   to    Bannockburn,    from    which    place   a   drive   of   two    miles 
rought  us  to  the  mine.     The  class  was  opened  on  Tuesday,  May  Srd,  in  the  "dry'* 
tied  up  by  the  company  for  the  purpose.     It  was  closed  on  Saturday,  May  7th.     On 
londay.  May  9th,  I  left  for  Parham  Station  via  Kingston,  where  a  few  hours  were 
pent  in  completing  preparations  for   the  summer's  work.      I   left   Kingston  by   tha 
angston   and   Pembroke  railway  on   Tuesday,  May  10th,    and   arrived  at  Long  Lake 
inc  mine  (Jas.  Richardson  &  Sons)  on  the  same  evening.     The  class  was  opened  at 
p.  m.  on  Wednesday,  May  11th,  in  the  dining  room.     On  Friday,  May  ISfh,  I  was 
'ined  by  Mr.  J.  Watson  Bain,  of  the  School  of  Practical  Science,  Toronto,  who  toolc 
art  in  the  work  of  the  classes  from  that  time  forward.     The  class  at  Long  Lake  was 
osed  on  Tuesday,  May  17th.     On  Wednesday,  May  18th,  we  proceeded  to  Eganville 
ia  Renfrew  and  Canada  Atlantic  railway.     Arriving  there  on  Thursday,  we  were  me^ 
9  Mr.  D.  J.  McCuan,  manager  of  the  Radnor  iron  mine.     He  drove  us  out  to  the 
itne  about  eight  miles  southeast  of  Eganville.     The  class  was  opened  at  6.30  on  thn 
kme  day,  and  closed  on  Wednesday,  May  25th.     Returning  to  Eganville  we  continued 
^e  journey  by  the  C.  A.  R.  to  Barry's  Bay,  thence  by  steamer  Hudson  to  Combermero, 
bence  the  steamer  of  the  Canada  Corundum  Company  carried  us  to  Craigmont.     The 
%8s  was  opened  there  at  6.45  p.  m.  on  Friday,  May  27th,  and  closed  on  Thursday, 
^e  2nd.     On  Friday,  June  Srd,  the  company's  boat  Buhy  carried  us  to  Barry's  Bav. 
Qre  we  took  train  for  Mattawa  via   Renfrew,    and  arrived  on  Saturday,  June  4th. 
bere  the  Ottawa  branch  of  the  C.  P.  R.  was  followed  up  to  Temiskaming,  whence  the 
earner  Meteor  took  us  to  Haileybury.     The  class  was  opened  there  on  Monday,  June 
h.    On  Tuesday    Mr.  Bain  opened  a  class  at  New  Liskeard,  four  miles  north,  where 
^  carried  on  the  work  for  four  days.     The  class  at  Haileybury  was  closed  on  Saturday, 
>ine  11th.     Monday,  June  ISth,  was  spent   in   collecting  niccolite  and  smaltite  five 
ilea  south  of  Haileybury.     We  left  by  steamer  Meteor  on  Tuesday,  June  14th,  just 
^  time  to  escape  the  smallpox  quarantine.     We  arrived  at  Sudbury  on  Wednesday, 
une  15th,  and  drove  on  the  same  day  to  the  Creighton  mine,  twelve  miles,  stopping 
'  Copper  Cliff  to  pick  up  the  box  of  mineral  specimens  which  had  been  expressed  on 
om  Kingston.     At  Copper  Cliff  we  met  the  president,  Mr.   A.  P.  Turner,  who  made 
rrangements  for  the  class  at  the  Creighton,  and  then  showed  us  over  the  new  works 
ow  approaching  completion.     Opened  the  class  at  7  p.  m.  on  the  same  evening,  and 
'0«ed  it  on  Tuesday,  June  21st.     The  next  morning,  we  drove  to  Copper  Cliff  statioTi, 
*id  took  train  for  Massey  station,   where  we  engaged   Mr.  Campbell,   liveryman,   to 
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drive  us  to  the  mine,  five  milee.     Captain  Sommers  was  in  charge  in  the  absence  ox 

Messrs.  Errington  and  Barclay.     The  class  was  opened  on  Thursday,  June  23rd,  and 

closed  on  Tuesday,  June  28th.    On  Wednesday  we  proceeded  to  Sault  Ste.  Marie,  but 

found  that  the  Algoma  Central  train  did  not  leave  for  Superior  mine  until  Fridaj 

morning.     We  were  therefore  obliged  to  spend  Thursday  at  the  Sault.     On  Friday, 

July  1st,  the  journey    was  resumed.     At  Superior  Station,  40  miles  from  the  Sault, 

we  found  the  mine  wagon  waiting  for  us  as  arranged  by  the  manager,   Mr.  Frank 

Perry.    The  mine  is  four  miles  from  the  station,  and  the  road  being  rough,  the  journey 

was  very  slow.      Capt.   Derry  made  us   welcome,    and  the  class   was  begun  fhe  same 

evening.    The  work  was  completed  on  Friday  morning,  July  8th,  and  the  mine  wagon 

took  the  luggage  to  the  station  in  the  afternoon.     Walking  out,  we  caught  the  tram 

and  arrived  at  Sault  Ste.  Marie  in  the  evening.     We  proceeded  by  C.  P.  R.  steamer 

Manitoba  to  Port  Arthur,  arriving  there  on  Monday,  July  11th.     Mr.  T.  R.  Jwies, 

manager  of  A  L  282,  now  called  the  Sunbeam,  arranged  for  our  transportation,  and 

we  took  the   Canadian    Northern  express  to   Atikokan    station,   142  miles   from    Port 

Arthur.     Having   slept   there,  we  took  the   local    returning   east  on   the  morning  of 

July  12th,  and  reached  the  Hospital,  only  to  find  that  the  packers  had  left.    However^ 

under  the  energetic  guidance  of  Pete  Dugal,  we  hurried  after  them,  and  found  them 

en  the  long  portage  between  lakes  Sabawe  and  Asinawe.     They  (Marcotte  and  Lepine) 

xeturned  with  us  to  the  Hospital,  and  took  charge  of  the  luggage.    The  distance  to  the 

mine  is  thirteen  miles  by  canoe,  with  five  portages,  most  of  them  very  short.  The  mine 

was  reached  too  late  to  start  the  class  that  evening.     On  Wednesday,  July  13th,  work 

was   begun,  and  continued  until  Wednesday,  July  20th.     On   Wednesday,  July  20th, 

we  left  the  Sunbeam  by  canoe  and  reached  Hematite  Hospital  at  noon.     Took  the  local 

train  to  Atikokan,  slept  there,  and  caught  the  express  for  Port  Arthur  next  morning 

We  left  Port  Arthur  that  evening  by  the  C.   P.  R.,  but,  as  the  train  did  not  stop  ac 

Wabigoon,  we  were  obliged  to  spend  the  night  at  Iguace,  and  go  on  by  the  local  next 

morning.     On  arriving  at  Wabigoon  three  hours  late,  we  were  delighted  to  find  the 

Galatea  still  waiting  for  us.     A  telegram  from  Ignace  had  this  happy  result.     Leavini; 

Wabigoon  at  2.30  p.  m.,  we  reached  Beaudro's  Landing  al  6.30,  and   after  tea  took 

stage  over  the  Government  road  (still  in  very  bad  condition)  to  Gold  Rock.     Arrmog 

there  late  at  night  passengers  found  it  hard  to  get  a  place  to  sleep.   But  ''a  friend  in 

need,"    Mr.    Harry  Rhodes,   gave  us  his   bed   over   the   Wabigoon  Trading   Company's 

store,  and  we  found  this  very  much  more  comfortable  than  the  floor  of  the  station  at 

Ignace.     Next  day  (Friday,  July  22nd)  the  class  was  opened  at  the  camp   (H  P  371) 

of  the  Twentieth  Century  Company,  about  i  mile  east  of  Gold  Rock.     The  class  was 

closed   on   Thursday,    July   28th.     The  return   journey  was  then  made.     I    arrived  at 

Kingston  on  Monday,  August  1st. 

Eleven  places  were  visited  during  the  summer,  and  the  classes  in  all  of  these  wer« 
unusually  well  attended.  The  total  number  in  attendance  was  518.  The  nimiber  o^ 
specimens  distributed  was  about  16,000.  As  on  former  occasions  many  mineral  s^w^" 
niens  were  identified  for  members  of  the  classes.  The  conditions  of  life  are  improvia^ 
in  the  mining  camps.  This  is  very  noticeable  in  the  food,  the  efforts  to  have  gocF"^ 
clean  sleeping  quarters,  and  the  more  general  presence  of  reading  matter.  Manage^^ 
in  most  cases  offer  every  inducement  to  married  men  to  bring  in  their  families.  Comfort 
able  houses  are  often  built  for  them  by  the  company,  or  in  some  cases  the  compan-^ 
supplies  the  logs  for  houses  which  the  men  build  in  their  spare  hours. 

A  feature  of  the  work  during  the  summer  of  1904  was  the  lectures  on  geologica'^ 
mining  and  kindred  subjects,  illustrated  by  lantern  slides.  The  lantern  used  was 
portable  acetylene  generator  and  lantern  manufactured  by  D.  T.  Thompson  and  Con^ 
pany  of  Boston.  It  was  found  possible  to  take  it  with  us  to  the  most  out  of  the  wa^ 
places.  The  lectures  were  uniformly  well  attended,  and  were  always  listened  to  wit^ 
the  greatest  attention.     A  larger  collection  of  slides  should  be  provided  for  this  wor-s^ 
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BANNOCKBURN  PYRITE  MINE 

This  mine  is  situated  about  two  miles  south  of  the  village  of  Bannockburn.  There 
were  thirty-fiye  on  the  pay  roll,  and  of  these  thirty-three  attended  the  class,  with  ^n 
average  attendance  of  twenty-five.  The  acetylene  lantern,  purchased  for  these  classes, 
was  first  brought  into  use  here  to  illustrate  a  number  of  lectures  given  at  the  clojo 
of  each  days's  study  of  the  mineral  specimens.  It  answered  the  purpose  admirably, 
and  four  lectures  were  given  on  geological  and  mining  subjects.  The  class  was  heM 
outdoors  at  6  p.  m.,  when  both  shifts  were  at  the  mine.  This  was  found  to  be  a  very 
convenient  arrangement  for  this  place,  as  the  men  boarded  in  many  cases  at  farm 
houses  some  distance  away  and  preferred  to  have  the  class  before  going  'Home  io  tea. 
The  attendance  was  remarkably  good,  and  the  intelligent  questions  asked  showed  that 
the  men  were  appreciative.     A  quantity  of  pyrite  was  collected  for  future  use. 

On  May  5th  I  drove  to  the  lead  mine  of  the  Ontario  Mining  and  Smelting  Com- 
pany, about  two  miles  north  of  Bannockburn.  The  manager,  Mr.  H.  E.  Gamm,  kindly 
allowed  me  to  box  up  a  large  quantity  of  the  beautiful  galena  for  use  in  the  summer 
classes.  Here  also  a  little  marcasite  was  collected,  and  a  number  of  specimens  of 
galena  covered  with  anglesite.  The  vein  is  narrow  but  of  solid  galena,  with  beautiful 
cleavage.  It  was  worked  by  another  company  for  several  years,  and  the  dump  is  now 
being  profitably  jigged.  There  is  a  good  crushing  and  concentrating  plant,  and  a 
reverberatory  smelter.     A  blast  furnace  is  being  built. 

On  May  6th  I  drove  to  Eldorado  and  collected  hematite,  specular  ore  and  quartz 
geodes  coated  with  hematite  crystals.  On  May  7th  I  walked  to  Shaw's  farm  about 
a  mile  west  to  see  a  copper  pyrite  prospect,  which  has  been  opened  up  for  several 
years. 

OLDEN  ZINC  MINE 

Here  much   trouble  had  been  experienced  from  water   which  came   in   through   a 

large  water  course.     This  had  been  partially  cemented  up,   and  the  foreman,  Mr.    T. 

Flynn,  was   confident  that  the  stream,    which  flowed   only  in   wet  weather,  could   be 

completely  checked  by  careful  cementing.     The  shaft  had  been  sunk  to  160  feet  when 

it  was  flooded  out.    In  the  meantime  good  ore  was  being  raised  farther  east  on  the  vein. 

The  seconds  accumulated   since  mining   began   were   being  hand-jigged,    and    a   clean 

product  obtained.     There  were  fourteen  men  on  the  pay-roll  when  the  class  was  held. 

Here  also  the  hour  was  made  6  p.  m.,  and  found  to  be  very  satisfactory.     The  class 

was  held  out  doors,  and  the  lectures  in  the  sleeping  camp.     Both  were  attended  by  a 

number  of  people  from  the  farms  in  the  vicinity.     A   special  lecture  was  given  one 

evening  for  the  farmers   and  their  families.     The  total  attendance  at  the  class  was 

thirty-three,    with    an    average  attendance    of   twenty-five.        Sixty-five    attended  the 

lectures,  which  were  illustrated  by  about  300  lantern  slides. 

RADNOR  IRON  MINE 

The  manager,  Mr.  D.  J.  McCuan,  met  us  at  Eganville  and  kindly  provided  trans- 
portation to  the  mine,  about  eight  miles  in  a  southeasterly  direction.  The  companv 
completing  a  good  wagon  road  from  the  mine  out  to  Caldwell  on  the  Canad.i 
Lantic  railway.  The  miners  at  the  Radnor  are  mostly  drawn  from  the  surrounding 
^^  XTiiB.  but  a  few  familiar  faces  were  noticed  of  old  Lake  of  the  Woods  men.  There 
^^^Te  thirty-three  men  employed,  and  they  attended  the  class  and  lectures  almost  to 
•^  Yuan.  On  May  24th  a  number  of  people  drove  to  the  mine  from  Eganville,  Caldwell 
^Y^d  other  places  in  the  neighborhood.  Mr.  T.  Davis,  of  Eganville,  brought  a  larf^e 
^"^imber  of  specimens  for  identification,  including  molybdenite,  graphite,  coriindnm, 
'^Idspar,  calcite,  hornblende  and  sphene.  A  special  lecture  on  crystals  and  crystalliza- 
^'*^n  was  given  to  these  visitors   at  4.45  p.  m.   Twenty -five  were  present.     The  total 
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att^idance  at  the  class  was  forty,  and  the  average  attendance  twenty-eight.  Thd 
attendance  at  the  lectures  was  about  the  same.  Our  stay  at  the  Radnor  was  made 
particularly  comfortable  by  the  kindness  of  the  manager  and  the  chemist,  Mr.  G.  M. 
Campbell,  B.  Sc. 

CRAIQMONT 

Here  we  were  received  cordially  by  the  manager,  Mr.  D.  Q.  Kerr,  who  had  our 
boxes  transferred,  and  made  us  his  guests  during  our  stay  in  the  corundum  region. 
There  were  about  150  men  on  the  pay-roll,  but  most  of  them  spoke  little  or  no  English, 
and  many  of  the  English-speaking  miners  lived  at  some  distance  from  the  mines. 
These  difficulties  made  it  impossible  to  organize  a  large  class.  The  meetings  were  held 
in  one  of  the  large  dining  rooms  (Dennison's)  near  the  large  new  mill  which  had  just 
been  completed.  The  total  attendance  was  about  sixty,  and  the  average  attendance 
twenty-four.  Many  men  who  could  not  attend  the  class  got  complete  named  sets  of 
specimens  with  such  explanations  as  could  be  given  in  a  short  time.  One  man  (Quod) 
came  from  Quodville,  fifteen  miles  away  to  consult  us  about  specimens  of  pyrrhotiie 
and  graphite.     He  had  seen  the  notice  of  the  classes  in  the  newspapers. 

HAILEYBURY 

The  discovery  of  nickel,  silver  and  cobalt  ores  five  mUes  to  the  south  of  this  town, 
on  the  line  of  the  Temiskaming  and  Northern  Ontario  railway,  had  stimulated  interest 
iu  minerals,    and  the  opportunity   to   study   them  practically  and  systematically  was 
particularly  welcome.     A  few  leading  citizens  engaged  the  Orange  Hall  as  the  place 
of  meeting.     The  population  of  Haileybury  is  about  600,  but  there  is  a  large  floating 
population   of   lumbermen    and    railway    men.      Prospecting   was    going    on    vigorously 
around   the  new  discoveries,   but  the  difficulties   encountered   were   serious,    owing  to 
the  heavy  blanket  of  moss  and  gravel.     Several  of  the  prospectors  walked  every  day 
distances  of  five  or   six   miles   to  attend  the   class  and   lectures.      There  was  a    total 
attendance  of  about  eighty-five,  and  an  average  attendance  of  thirty-eight.     Many  set0 
of  minerals  were  given  to  men  who  could   not  attend  the  class.     Prospectors  showed 
specimens  of  galena,  copper  pyrite,  and  magnetite  found  in  the  neighborhood.     Coppojt" 
pyrite  has  been  discovered  on  Fernholm's  farm   about  two  miles  south.     On   June  8tt». 
1  walked  to  Cobalt  station  (the   name   proposed  by   Prof.    W.   Q.    Miller  for  the   ne^^ 
mining  camp)  in  the  company  of  Mr.  Earlo  (of  New  York),  buyer  of  ores,  the  Russels  ^ 
engineers,  Galbraith,  division  engineer,  A.  Ferland,  proprietor  of  the  Matabanick  hoteB. 
and  part  owner  of  the  smaltite  vein,  S.  Ferland,  prospector,  and  Hebert,  discoverer  o*^ 
the  native  silver  vein  (No.  3).     An  incident   of  this  trip  is  worth  recording  .  as   illus — 
trating  one  of  the  dangers  of  a  prospector's  life.     As  some  of  the  party  were  walking 
towards  the  railway  construction  camp  they  noticed  a   falling  tree  crash  down   acrost^ 
the  middle  of  a  small  tent.    On  examination  S.  Ferland  was  found  inside,  but  unhurt  S 
He  had  moved  to  one  end  of  the  tent  just  as  the  tree  fell.     On  June  11th  Professor* 
Sharp  (late  of  Morrin  College)  drove  over  from  his  farm  near  New  Liskeard  and  tooi^ 
roe  back,  a  pleasant  drive  through  the  woods.     There  is  a  small  outcrop  of  magnetite 
end   hematite  near  Professor  Sharp's    house.        June   13th   was   devoted  to   collectini^ 
specimens  of  niccolite,  smaltite,  and  native  silver,  in  connection  with  which   mention, 
should  be  made  of  the  generosity  of  Messrs.  Ferland,   Timmins,  Le  Heup,  Chamber^ 
and  Darragh,  who  gave  us  a  free  hand  among  their  valuable  prc^erties.     We  enjoye() 
the  hospitality  of  Professor  Miller's  camp  and  the  company  for  one  evening  of  a  doseix 
prospectors. 

NEW  LISKEARD 

On  Monday,  June  6th,  Mr.  C.  C.  Farr  took  us  from  Haileybury  to  New  Liskeard 
in  his  gasoline  launch,  thus  avoiding  a  journey  over  a  road  almost  impassable  after  the 
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long  rains  which  had  prevailed.  There  we  met  Mr.  John  Armstrong,  and  arranged 
for  a  class  to  he  held  in  the  Orange  Hall,  which  was  engaged  for  the  purpose  hy  the 
council.  Professor  Sharp,  Rot.  Mr.  Pitts,  and  Mr.  McCamns  gave  assistance  which 
was  much  appreciated.  The  next  day  Mr.  Bain,  taking  the  lantern  and  the  necessary 
mineral  specimens,  drove  to  New  Liskeard  and  opened  the  class.  The  attendance  was 
large  and  enthusiastic  at  both  class  and  lectures.  At  the  close  of  the  work  there,  a 
number  suggested  that  a  more  extended  course  should  be  given  next  year.  The  total 
attendance  was  about  eighty,  and  the  average  fifty-one.  Thanks  are  due  the  authorities 
of  the  Presbyterian  church  for  the  use  of  their  building  one  evening  when  the  Orange 
Hall  was  not  available. 

CREIQHTON  MINE 

Here  we  were  the  guests  of  the  manager,  Mr.  George  Sprecher.  The  class  was 
held  in  a  new  log  house,  which  proved  comfortable  for  the  purpose.  There  were  about 
two  hundred  men  on  the  pay  roll,  but  only  about  forty  of  these  were  English-speaking. 
There  was  a  school  attended  by  about  thirty  children.  A  resident  physician,  Dr. 
McGonigle,  had  been  added  to  the  staff.  A  considerable  village  had  grown  up,  many 
of  the  men  having  brought  in  their  families.  There  were  two  general  stores,  and  the 
daily  train  to  Sudbury  affords  easy  communication  with  the  outside  world.  Altogether, 
the  Creighton  is  being  made  a  first-rate  permanent  mining  camp.  The  total  attendance 
was  about  forty,  and  the  average  attendance  twenty. 

MA5SEY  COPPER  MINE 

The  class  was  held  in  the  old  log  office,  and  was  attended  much  better  than  last 
lUfflmer.  The  men  were  seated  on  rough  seats  improvised  on  the  verandah  while 
receiving  instruction  on  minerals.  When  this  was  completed,  the  class  moved  into 
tile  darkened  office  for  the  lantern  lectures.  There  wore  twenty-four  men  mnployei 
At  the  time  of  our  visit.  The  total  attendance  was  about  thirty,  including  some  men 
from  the  Hermina  mine  about  two  miles  west,  and  a  few  farmers  not  working  at  the 
^sssey  mine.  The  average  attendance  was  fifteen.  Everything  possible  was  done 
*>y  manager  Joseph  Errington  and  superintendent  R.  C.  Barclay  to  assist  us  in  making 
the  class  a  success. 

THE  SUPERIOR  MINE 

Having  met  Mr.  Frank  Perry,  the  manager,  at  Sault  Ste.  Marie,  arrangements 
^ere  made  to  proceed  to  Superior  station,  where  the  company's  pack  wagon  met  us 
^nd  took  the  luggage  to  the  mine.  Captain  Philip  Derry  welcomed  us  and  made  us 
^^ixifortable  during  our  stay  at  the  Superior.  The  class  was  held  out  of  doors  and  the 
lectures  in  the  sleeping  camp.  There  were  eighteen  men  employed.  ^All  attended 
^ho  were  not  at  work  at  the  time  of  the  class.  Mr.  J.  L.  Naylor  came  from  Searchmoat 
^  See  the  mineral  specimens.  He  got  a  named  set  and  the  mineral  indicator.  Several 
^f  the  mine  employees  who^  occupations  prevented  their  attending  the  class  were 
^ven  sets,  with  such  information  as  could  be  mastered  in  the  time  at  their  disposal. 
^auy  of  the  men  are  experienced  prospectors  and  most  are  good  woodsmen.  In  this 
^<^nip  the  interest  in  both  mineral  lessons  and  lectures  was  unusually  marked.  The 
^K^on  abounds  in  small  lakes,  in  many  of  which  speckled  trout  can  be  caught.  Th-3 
*^*His  are  mostly  hardwood,  and  very  open  and  park-like,  making  walking  unusually 
^^-     The  total  attendance  was  nineteen,  and  the  average  attendance  fifteen. 

5UNBEAM  MINE  (A  L  282) 

Here  we  found  Mr.  Copeland,  the  engineer,  in  charge,  in  the  absence  of  Mr.  W 
JonQg^  mine  superintendent.     We  were  hospitably  entertained  during  our  visit  at  the 
^'^e.    The  class  was  held  out  of  doors  and  the  lectures  in  the  sleeping  camp.    A  10-stamp 
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mine.  The  class  was  held  out  of  doors  and  the  lectures  in  the  sleeping  camp.  A  lO-stamp 
mill  had  just  been  completed  and  the  stamps  had  begun  to  drop  on  the  day  of  our 
arrival.  The  mill,  built  near  the  bank  of  the  Seine  river,  is  connected  with  the  mino, 
a  distance  of  3,200  feet,  by  a  horse  tram,  by  which  the  ore  is  conveyed.  As  the  vein 
dips  at  50°  and  the  shaft  is  vertical  for  the  first  68  feet,  a  raise  was  being  made  along 
the  vein  to  the  surface  so  as  to  give  a  straight  shaft  on  the  incline.  This  was  nearly 
completed.  The  shaft  was  down  400  feet.  There  were  thirty  men  on  the  pay  roll, 
of  whom  twelve  were  non-English.  Most  of  those  of  foreign  birth  attended  both  class 
and  lectures.  They  included  Finns,  Swedes  and  Italians.  Some  of  those  of  foreign 
nationality  spoke  English  very  well;  others  very  imperfectly.  All  attended  the  class. 
The  total  attendance  was  thirty-one,  and  the  average  attendance  twenty-three. 

The  difficulties  of  transportation  are  very  marked  in  the  case  of  this  mine,  making 
the  cost  of  getting  in  supplies  almost  prohibitive. 

LAURENTIAN  MINE 

This  is  a  new  prospect,  being  developed  by  the  Twentieth  Century  Company.    ^*» 
is  about  half  a  mue  east  of  Gold  Rock  on  H  P  371.     Work  was  begun  in  November 
1903    on  a  vein  of  well  mineralized  quartz  and  schist,  striking  about  northeast  a'l'i 
dipping  at  about  75^.    The  vein  has  been  traced  eastward  to  298  and  westward  to  th^ 
Big  Master.     At  the  time  of  our  visit  the  shaft  was  down  125  feet  and   at  the  fi**^ 
level  (80  feet)  aoout  60  feet  of  drifting  had  been  done,     a  crosscut  had  been  made  ^ 
a  second  vein  about  20  feet  to  the  eastward.     Several  other  veins  have  been  locate  1 
on  the  property,  including  one  which  is  claimed  to  be  an  extension  of  the  Jubilee  vei^- 
The  buildings  included  a  temporary  hoist  house,  a  large  and  comfortable  sleeping  camP? 
a  good  dining  camp,  and  three  dwelling  houses  for  the  staff;  also  office,  stable,  sto^^ 
house,    and  power  house.     In  February   the   stamp    mill  and  other    buildings   at   "ti^*^ 
Twentieth    Century  mine  were   dismantled  and    brought  to  the  new    location.    Wof* 
is  now  being  pushed  on  the  foundation   tor  the  stamp  mill  and  concentrating  plara*- 
The  concentrates   may   be  treated  by   cyaniding.     Some  very  rich  masses  of  ore  h^"^'^ 
been  taken  out. 

About  two  miles  northeast,   near  the  end  of  Mud  lake,  is  the  Volcanic  Reef  m  i  ^^^ 
(S  40),  near  the  Little  Master,    and   owned   by  the  Twentieth  Century   Company.         ^ 
is  a  small  quartz  vein,  with  iron  pyrites  and  shows  of  gold.     A  shaft  has  been  put  do'**'' 
100  feet,  and  camp  buildings  were  under  construction.     Thirteen  men  were  emplojT' 

The  class  was  held  at  the  Laurentian,  but  several  of  the  men  walked  over  from 
Volcanic  Reef.     As  in  the  case  of  most  of  the  mines  visited  this  summer,  the  class 
carried  on  comfortably  out  of  doors.    The  lectures  were  given  in  the  new  sleeping  ca: 
The  total  number  in  attendance  was  forty,  and  the  average  attendance  twenty-twoi 

Both  properties  of  the  Twentieth  Century   Company  were  being   developed   un' 
the   management  of  Mr.  Dryden  Smith. 
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BV  W,  E.  H.  CARTER 

.he  mining  of  gold,  for  which  the  western  portion  of  the  Province  hmi  been 
loted,  results  have  bMn  EOmewhat  diBappoiating.  The  number  of  propertiea 
baa  not  greatly  decreased,  but  the  energy  expended  thereon  has.  The  reasoos 
parent  for  this  state  of  aSaira  have  been  bo  frequently  touched  on  in  theM 
that  thej  need  not  be  again  gone  into.     Suffice  it  to  Bay,  that  if  capital  were 


rated  in  a  few  good  prospects  instead  of  being  dispersed  among  a  great  many 
eak  companies  to  be  spent  on  more  or  less  unlikely  veins,  the  production  of  the 
)  metal  from  this  part  of  the  country  would  be  greater  than  it  is. 
number  of  stamp  mills  have  within  the  ye»r  been  erected,  but  as  has  been 
out  on  other  occasions  Kith  emphasis,  the  work  done  in  the  mine  is  not  always 
it   to   warrant   such   expenditure.      The  haste  for  dividends   is   the  bane   of   the 

r. 
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Interest  in  this  western  mining  field  has  latterljr  been  turning  to  other  ores,  chieflj 
iron  and  iron  pyrites,  deposits  of  both  of  which  will  shortly  be  turned  into  prodncioc 
mines.  Not  much  additional  news  can  be  reported  reg&rding  the  iron  of  the  AtiSt- 
okan  and  Steep  Rock  lake  districts,  but  sufficient  ore  is  already  there  to  ensars 
production  on  a  good  scale. 

A  few  miles  east  of  Port  Arthur,  at  Loon  Lake  aiding  on  the  Canadian  Pacifia 
Railway,  the  long-known  but  unappreciated  and  untouched  hematite  deposits  han 
been  energetically  explored  by  diamond  drills  and  mining  during  the  past  year  or  two- 
with  great  results.  The  ore  in  sight,  both  high  and  low  grade,  is  estimated  at  a  rer; 
considerable  quantity.  The  important  possibilities  of  all  these  deposits  bava  not  befi 
cverlooked,  as  shown  by  the  recent  incorporation  of  a  strong  company  of  railway  and 
iron  capitalists  to  erect  in  the  immediate  future  a  blast  furnace  at  Port  Arthur  to 
reduce  these  ores. 


The  strike  of  high-grade  Bosspmer  hematite  at  the  Williams  mine  is  another 
indication  of  the  resources  of  the  region.  This  ore  is  now  being  smelted  at  the  Lake 
Superior   Corporation's  blast  furnaces   at   Sault   Ste.    Marie,   Ont  , 

The  straight  copper  deposits  are  also  receiving  a  fair  share  of  attention,  and  by 
the  porseTerftncG  ot  a  few  owners  we  may  shortly  see  a  number  of  profitably  workin,l 
mines,  a  thing  unknown  since  the  Bruce  mines  were  in  active  operation.  It 
appears  very  likely  that  a  smelter  will  be  established  to  handle  these  ores  at  Sault 
Ste.  Mario,  Ont.,  since  it  was  shown  at  the  Victoria  Mines  plant  that  they  could  be 
reduced,  and  under  proper  conditions,  at  a  profit.  Should  the  results  of  concentratiou 
by  the  oil  process  now  under  way  at  the  Massey  Station  mine  prove  as  successful  as 
appears  likely,  it  will  bring  many  of  lliese  idle  low  grade  prospects  into  the  market. 
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Th«  production  of  nickel  (with  combined  copper)  progresses  with  greater  reaulti 
than  ever.  Not  only  has  the  largest  companj  more  than  doubled  its  capacity,  but  the 
other  two  concenu  are  making  preparation*  for  a  resumption  of  mining  and  smelting 
ill  the  immediate  future.  Ontario  no  longer  nearly  equals  the  output  of  nickel  in 
rther  countries — it  leads  the  world,  and  by  a  large  margin. 

By  the  finding  of  the  extraordinarily  rich  silver-cobalt  ores  in  the  Temiskaming 
district  last  year,  one  more  proof  of  the  possibilities  of  the  Proyince  has  been  given. 
In  this  region  also  important  iron,  iron  pyrites  and  arsenic  deposits  have  been  dis- 
corered,  some  of  which  have  been  under  development  for  a  considerable  period. 

Aa  a  reault  of  this  general  activity  in  a  power-consuming  industry  in  the  Sndbury 
and  adjoining  areas,  four  water  falls  have  been  or  are  being  harneased  for  the  genera- 
tion of  electric  energy,  purchasable  by  anyone.  This  ctHning  year  will  probably  see 
greater  substantial  activity  in  mining  centres  in  Ontario  than  ever  before,  which 
cannot  but  have  its  effect  in  bringing  prosperity  to  all  other  associated  enterprises. 


GOLD  MINES 

Bully  Boy  Mine 

From  Hr.  Chas.  Brent,  of  Rat  Portage,  it  was  learned  that  during  SeptembMr, 
19U,  the  mining  plant  consisting  of  boiler,  hoist  and  pomps,  eto.,  intended  for  tiw 
Ifino  mine,  and  which  has  lain  at  Whitefisb  rapids  for  some  time,  was  purchased  and 


The  Damascus  GolJ  Mini 


tamoved  to  the  Bully  Boy  mine.  Camp  bay.  Lake  of  the  Woods,  where  it  will  be  set 
ap  and  mining  re-commcnced,  it  is  hoped  Ehortly.  Uescripiions  of  this  mine  have 
tppsared  in  Reports  of  the  Bureau  of  Mines,  Vol.  VIII,  pp.  60-61,  27(1;  Vol.  IX.  p 
51  ;  Vol.  X,  p.  73. 
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Cameron   Island  Mine 

The  10-stamp  mill,  referred  to  in  the  last  Report  as  under  erection  is  ahout  com- 
pleted. Mining  is  to  be  resumed  in  the  spring  of  1905,  according  to  a  director's 
xpport.  The  company  is  now  known  as  the  Damascus  Gold  Mining  Company,  the 
president  being  Mr.  Joseph  Fowler,  of  Buffalo,  N.  Y. 

Qolden  Horn  Mine 

Daring  the  past  year  and  to  the  date  of  inspection,  2nd  October,  1904,  mining 
development  dropped  off  in  part,  while  a  stamp  mill  was  being  erected.  The  shaft 
renudiu  the  same  depth,  namely  255  feet.  The  first  level  west  drift  is  now  connected 
with  the  old  shaft,  affording  good  ventilation  to  that  part  of  the  mine.  The  second 
level  remains  unchanged.  Third  level;  the  crosscut  south  at  16  feet  in  the  west  drift, 
was  oontinued  to  285  feet,  and  although  it  has  struck  an  auriferous  quartz  vein  in  the 
face,  there  still  remains  about  50  feet  to  go,  it  is  estimated,  before  encountering  the 
first  vein  outcropping  in  this  direction  on  the  surface. 

The  shaft  house  has  been  raised  to  37  feet  to  the  sheave,  to  allow  of  dumping 
into  cars  on  an  elevated  trestle  road,  running  across  to  the  stamp  mill  bins.  This 
new  mill  building  lies  about  40  feet  east  of  the  shaft  house  and  measures  22  by  62  feet 
plan,  by  46  feet  high,  and  contains  two  one-stamp  MerralPs  mill  batteries,  plates,  and 
a  Wilfley  table,  a  6  by  7i-inch  jaw  crusher,  and  the  other  usual  accessories.  Milling 
was  to  commence  immediately  of  the  ore  dumps  and  what  ore  could  be  stoped  out  from 
the  first  level  up. 

A  proper  thawing  and  preparation  house  has  been  erected  for  the  dynamite. 

The  management  remains  unchanged.  The  employees  number  fourteen,  shortly 
to  bo  increased  to  twenty. 

5ultana  Mine 

The  perseverance  of  the  few  men  who  have  latterly  furnished  the  money  for  tne 
continued  exploration  of  this  pioneer  mine  has  been  rewarded  by  the  location  of  more 
pay  ore,  on  which  the  mill  has  been  running  most  of  Che  year.  Since  last  inspection 
about  a  year  ago  the  underground  work  has  been  as  follows :  main  shaft,  560  feet  deep, 
cr  15  feet  below  the  eighth  level,  with  timbering  complete  to  the  eighth. 

First  level:  the  40-foot  crosscut  N.  E.  from  130  feet  S.  of  main  shaft,  which 
oonnected  with  an  air  shaft  in  No.  2  vein  (E.  of  the  No.  1  or  the  main  vein),  is  now 
driTing  N.  along  No.  2  vein  from  this  air  shaft  and  is  34  feet  in  length  to  date,  fol- 
knriJig  a  narrow  band  of  quartz.  From  this  point  a  drift  was  run  at  a  former  period 
to  tbe  S.,  250  feet  in  length,  but  only  local  pockets  of  ore  were  met  with. 

Second  level,  north  drift:  at  12  feet  N.  a  short  drift  has  been  started  E.  to 
intersect  the  No.  2  vein  at  60  or  70  feet  and  the  Galena  vein  at  about  200  feet;  but 
tkia  work  is  postponed  until  a  future  time.  South  drift:  at  500  feet  S.,  in  the  long 
drift  through  country  rock  connecting  the  big  stope  with  the  Crown  Reef  vein,  which 
cWft  cut  away  to  the  E.  of  the  main  or  No.  1  vein,  a  crosscut  has  been  driven  W.  98 
lest,  intersecting  No.  1  vein  at  37  feet  in.  On  this  drifts  run  N.  only  10  feet  on  account 
(d  the  mixed  quality  of  the  ore,  but  S.  75  feet,  and  in  the  latter  the  ore  is  being 
•toped  out.    The  stope  measured  30  feet  length  by  40  feet  high,  by  8  feet  average  width. 

Fourth  level,  south  drift:  at  500  feet  S.,  underneath  the  corresponding  crosscut 
in  the  second  level,  a  crosscut  has  been  run  W.  98  feet,  intersecting  No.  1  vein  at 
®2  feet.  Drifts  on  the  vein  extend  to  the  S.  10  feet  and  the  N.  71  feet  on  a  narrow 
Und  of  quartz,  the  ore  shoot  pitching  to  the  N.  and  not  yet  having  been  reached. 
At  760  feet  S.  on  the  main  level  another  cross  drift  W.  80  feel  took  out  some  ore  m 
^n  intersecting  vein  called  the  Fissure  vein. 
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Seventh  level :  at  80  feet  in  the  north  drift  a  winae  has  been  aonk  to  the  eightli 
level,  and  a  little  ore  stoped  out. 

Eighth  level:   this  runs  N.  SO  feet,  then  E.  d4  feet,  and  again  N.  21  feet,  ads.! 
Bt  end  of  the  E.  34  feet  torn  connects  with  the  seventh  level  winie,  enlarging  into      t 
small  stope.    Near  the  face  of  level  another  winae  goes  down  to  50  feet  deeper,  all  ^an 
No.  1   vein.     It  appears  from  this  new  development,  that  after  passing  a  disturb^^ 
area  beneath  the  fault  at  the  seventh  level  the  vein  comes  in  again  without  haviv-ss 
suffered  an   appreciable  displacement.     The  reason  that  not  much   ore  has  yet 
reached  in  these  new  lower  workings,  (seventh  and  eighth  levels)  is  put  down  to  t' 
fact  that  all  the  ore  shoots  dip  to  the  N.     Further  development  in  this  direction 
it  is  thought,  strike  a  continuance  of  the  pay  ore.    There  is  also  reason  for  believii 
that  the  unexplored  portion  of  the  vein  from  the  big  stope  south  may  produce 
ditional  ore  shoots. 

The  surface  and  mining  and  milling  plants  are  unchanged.     Mr.   J.  Johnson  i« 

superintendent,  employing  twenty-one  men. 

Combined  Mine 

No  visit  was  made  to  this  property  since  all  mining  was  suspended  in  Februa^r^y, 
1904.  S.  Pinchin,  the  superintendent,  informed  me  that  a  force  of  fifteen  men  w^»^Te 
rebuilding  the  two-mile  railroad  from  the  lake  to  the  mine,  after  the  completion  ol 
which  a  six-drill  air  compressor  was  £o  be  installed,  and  mining  resumed.  At  t^Hba 
last  inspection  the  workings  measured  as  follows :  Incline  shaft  101  feet  deep  flatteni  .^Kig 
from  22^  dip  N.  to  nearly  level,  and  then  dipping  more  steeply  again.  Size  of  sh^^ft 
is  7  by  9  feet.  A  level  was  made  at  75  feet  depth  with  a  N.  E.  drift  166  feet  anA.  s 
little  stoping  done  therein.  From  here  and  the  shaft  dump  37  tons  of  ore  were  milled  in 
July,  producing  gold  to  the  amount  of  $10.50  per  ton,  according  to  the  superintende^Ent. 
A  40-foot  steamboat  has  been  purchased  for  the  use  of  the  company. 

Baden-Powell 

As  outlined  in  the  last  Report,  the  former  main  open  trench  on  the  vein  has  b^^sen 
made  the  site  of  the  main  shaft.  This  has  been  timbered  solidly  through  the  cut  ^^nd 
waste  rock  filled  in  around  it.  This  shaft  is  now  98  feet  deep,  6  feet  by  9  feet  in  s^E-z?; 
and  inclining  67*^  W.  A  level  was  made  at  60  feet  depth  with  drifts  N.  17  feet  ancL  8. 
50  feet.  Hoisting  is  done  by  bucket  on  skids  and  a  duplex  cylinder  single  drum  hdi^iit 
engine  and  20  h.  p.  boiler  in  an  adjoining  shed.  Ventilation  is  provided  by  a  woo^c^en 
box  or  pipe  and  steam  injector. 

A  5-stamp  mill  nears  completion  on  the  N.  side  of  the  island  some  400  feet  N--    of 
the  shaft,  the  ore  to  be  trammed  across.    The  mill  consists  of  the  usual  plant  of  gra^^/^y 
stamps,  plates,  feeder  and  7  by  10-inch  jaw  crusher,  with  the  power  furnished  by  a 
40-h.p.  return  tubular  boiler,  and  a  25-h.p.  horizontal  engine. 

A  new  dwelling  house  has  been  erected  on  the  west  side  of  the  island  beside  the 
cfiice.     The  owners  and  management  remain  the  same,  the  force  numbering  twelve  at 
date  of  inspection,  5th  October,  1904.     Some  instructions  were  given  for  the  completion 
cf  the  shaft  timbering,  and  for  the  safe  handling  of  the  dynamite. 

Pioneer   Island 

The  property  by  this  name  comprises  a  small  island  mining  location  McA  245,  aaJ 
lies  about  one-third  of  a  mile  N.  E.  of  the  Grace  mine,  and  one-half  mile  N,  W.  of  the 
Golden  Eagle.  The  owners  are  the  Northern  Light  Mining  Company,  but  shortly  the 
property  will  be  transferred  to  the  subsidiary  Pioneer  Island  Mining  Company,  Buffalo, 
N.  Y.  Mr.  N.  Higbee  is  superintendent  with  at  present  a  force  of  but  five.  Some 
T^ork  was  done  a  few  years  ago,  and  now  since  the  resumption  of  operations  this  sum* 
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ner,  a  new  snmll  camp  has  been  built,  and  the  ore  pit  20  feet  deep  squared  out  for 
;imbering  and  continued  smfcing.     The  workings  are  on  the  south  end  of  the  island. 

The  vein  deposit  fills  a  contact  between  granite  on  the  east  and  green  trap  on  the 
rest,  and  consists  mainly  of  iron  pyrites  and  quartz,  the  former  in  great  abundance 
•nd  massive.  The  gossan  weathered  surface  portion  is  said  to  pan  gold.  A  very  smail 
percentage  of  chalcopyrite  may  also  be  seen.  The  vein  is  traceable  from  the  shore 
nland  probably  400  feet,  having  widths  at  the  few  openings  varying  from  one  to  five 
eet.  The  water  lot  between  this  and  the  mainland  and  an  adjoining  location  thereon 
ire  to  be  included  in  the  holdings  of  the  new  company. 

Qrace  Mine 

Sinking  continued  in  the  main  shaft  to  a  depth  of  55  feet,  reached  about  the  first 
»f  the  year,  when  all  mining  was  suspended.  This  means  that  but  27  feet  of  sinking 
las  been  accomplished  as  the  result  of  another  year's  work.  The  lower  or  new  portion 
f  the  shaft  was  partly  filled  with  water,  but  no  new  developments  in  connection  with 
he  ore  body  were  apparent.  The  shaft  was  being  timbered  into  two  compartments 
preparatory  to  resuming  mining.  The  other  workings  remain  as  before.  At  the  foot 
f  the  hill,  close  to  the  lake  shore,  foundations  have  been  prepared  for  a  power  hou««e 
jsd  plant.  The  employees  numbered  four.  A  new  engine  has  been  fitted  into  the* 
empany's  launch. 

Eldorado 

A  new  corporation,  the  Eldorado  Mining  Company,  incorporated  under  Ontario 
&W8,  has  taken  over  this  property  from  the  former  owners,  the  Northern  Light  Mining 
>Mnpany.  The  president  is  Walter  D.  Green,  secretary,  W.  A.  Barnhart,  and  superr 
ntendent,  N.  Higbee.  Mining  recommenced  in  June  1904,  after  a  period  of  inactivity, 
he  force  now  numbering  eight.  A  description  of  the  auriferous  quartz  vein  appears 
n  the  last  Report  of  the  Bureau,  and  also  an  account  of  the  development  to  that 
iate.  The  shaft  is  now  95  feet  deep,  and  timbered  with  a  ladder-way  and  skid  road 
or  the  bucket.  The  level  at  70  feet  depth  runs  S.  W.  63  feet.  An  open  head  franit^ 
»ver8  the  shaft,  and  from  this  the  hoist  rope  continues  100  feet  or  so  away  to  the 
ciew  hoisting  plane  beside  the  small  2-stamp  mill.  This  plant  comprises  a  25-h.  p. 
Kiler  and  a  hoist  engine. 

Tbo  first  level  drift  is  to  continue  along  the  vein  S.  W.  for  about  150  feet  to 
3ieet  an  intersecting  vein  at  that  point  which  strikes  N.   18^  E. 

No  milling  was  done  this  year,  but  it  was  the  intention  to  start  on  this  ore  in  a 
'ew  weeks'  time. 

Redeemer  Mine 

Operations  during  the  past  year  have  been  active,  but  were  mainly  confined  to 
the  surface,  in  the  erection  of  a  stamp  mill.  The  management  is  in  the  same  hands^ 
^ith  a  force  increased  to  twenty.  The  shaft  has  been  sunk  to  a  depth  of  235  feet,  but 
^ith  no  lateral  work  whatever,  which!  makes  the  present  erection  of  treatment  works 
^mewhat  premature.  Hoisting  is  still  done,  by  bucket.  This  should  be  replaced  by 
*  Safer  means,  such  as  a  skip  or  cage,  with  the  depth  the  shlaft  has  now  reachad. 
*ne  timbering  of  the  new  portion  of  the  shaft  has  yet  to  be  completed,  and  instructions 
^  this  effect  were  given. 

The  mill  is  situated  80  feet  N.W.  of  the  shaft,  and  contains  10  stamps,  with  all 
^^^cessory  plant  except  vanners,  supplied  by  the  Jenckes  Machine  Co.  To  tram  the 
^^e  ovfer,  the  shaft  house  has  been  raised  to  a  height  of  36  feet,  boarded  in  and  a 
^^▼el  trestle  road  constructed  to  the  mill. 

A  proper  powder-thawing  house  has  been  built  in  a  suitable  place.  A  dry-room 
^or  the  men  has  yet  to  be  put  up.  An  oflBce  has  been  added  to  the  camp.  Milling  will 
commence  as  soon  as  the  plant  is  completed  this  fall. 

4  M. 
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Ideal  Mine 

The  shaft  has  this  summer  been  continued  down  to  a  depth  of  89  feet  vertical; 
i I  is  7  by  10  feet  in  size,  and  timbered  with  a  collar  only.  But  at  the  date  of  inspec- 
tion mining  had  again  ceased,  and  the  small  force  of  four  was  constructing  roads  to 
outlying  points  for  development.  The  delay  is  du>e,  according  to  the  superintendent^ 
A.  J.  Herrington,  to  lack  of  cash.  All  mining  has  been  done  by  hand,  no  machinery 
baviag  yet  been  acquired.  Instructions  were  necessary  for  the  completion  of  th«* 
timbering  in  the  shaft,  and  care  and  safe  thawing  of  the  dynamite. 


Qold  Coin  Mine 

This  is  a  new  property  in  the  Dryden  area,  and  comprises  the  south  half  of  the  north 
half  of  lot  6,  concession  1,  Van  Home  township,  half  a  mile  from  the  boat  landing,  and 
on  tile  Chyvemment  road  recently  constructed  to  these  properties,  and  due  north  of  th** 
Redeemer  mine  a  short  distance.  The  owners  are  the  Gold  Coin  Mining  Company. 
Mining  commenced  in  April  1904,  and  the  shaft  has  since  been  sunk  55  feet  vertical 
and  7  by  10  feet  in  size,  all  by  hand  work.  No  one  was  there  at  the  time  of  my  visit 
in  Oetober    1904,  operations  having   been  suspended. 

The  vein  is  of  quartz,  striking  east  and  west  with  vertical  dip  through  a  country 
rock  of  greenstone,  in  which  it  lies  as  a  lenticular  deposit  with  defined  walls.  It 
^ariee  from  14  inches  to  4  or  5  feet  in  width,  and  conTains  a  small  amount  of  copper 
and  iron  pyritee. 

Queen  Alexandra 

The  following  information  respecting  this  new  property  was  obtained  from  T. 
James,  the  contractor  for  the  mining  done.  No  inspection  was  made,  as  the  mine 
bad  just  suspended  operations.  The  location,  H  W  270,  adjoins  the  King  Edward  near 
Carlton  and  Trout  lakes,  a  short  distance  west  of  Lower  Manitou  lake.  A  shaft  was 
sunk  85  feet  deep,  vertical,  and  6  by  10  feet  in  size,  on  a  quartz  vein.  Machinery 
consisting  of  a  boiler  and  hoist,  are  on  hand,  but  have  not  yet  been  set  up.  A  2-un:t 
Tremaine  steam  stamp  mill  was  erected  and  some  18  tons  of  the  ore  treated,  produciag 
♦16.00  per  ton  in  gold.  This  work  was  done  between  February  and  September,  1904 
There  is  also  a  small  camp  of  several  buildings  and  a  steamboat.  F.  Bolton  was  super- 
intendent and  representative  of  the  English  syndicate  which  has  control  of  the 
property. 

On  the  adjoining  King  Edward  locations  no  further  work   has  been  done  during 
^^^  year. 

Twentieth  Century 

All  work  closed  here  in  November  1903,  and  in  February  1904,  the  entire  plant 
**8  dismantled  and  taken  up  the  lake  to  the  company's  new  properties,  the  Laurentian 
^d  Volcanic  Reef  mines,  where  it  is  being  again  erected.  The  sawmill  was,  however, 
^n  to  cut  lumber  for  the  fresh  ventures.  From  the  superintendent,  Dryden  Smith 
*fle  following  measurements  of  the  underground  work  done  since  my  last  inspection  of 
•  y®ar  ago  were  obtained:  shaft,  389  feet  deep  (49  feet  increase).  First  and  second 
^^^  unchanged. 

*Hird  level:   the  stope  in  the  west  drift  was  carried  up  to  the  second  level  about 
^^^  wide  by  66  feet  long. 

j^    fourth  level:   west  drift  19  feet  wide  with  crosscuts  from  the  face  S.  73  feet  and 
ftj  ^  feet.    At  63  feet  in  the  N.  crosscut  No.  2  vein  was  struck  and  followed  to  the  W. 
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Laurentlan  Mine 

This  new  property  was  inspected  on  9th  October  1904.  It  comprises  mining 
location  H.  P.  371,  of  52  acres  area,  situated  about  half  a  mile  by  a  new  road  west 
cf  Gold  Rock  P.  O.  The  owners  are  the  Laurentian  Mining  Company,  48  Tremont 
St.,  Boston,  Mass.,  and  Toronto,  Ont.,  incorporated  under  the  laws  of  Ontario.  The 
president  is  Anthony  Blum,  secretary,  John  Molath,  and  mine  superintendent,  Dryden 
Smith.  The  force  of  miners  and  surface  men  numbers  twenty-one.  This  company  owns 
other  locations  in  the  vicinity,  which  are  H  W  248,  262,  255,  256  and  257. 

Operations  commenced  in  October  1903,  and  since  then  there  has  been  erected 
a  power  house,  dynamite  magazine,  oil  shed,  machine  and  blacksmith  shop,  assaf 
office,  dry  house,  cook  camp,  sleeping  camp,  office,  three  separate  dwellings  and  stables. 
Building  operations  are  not  quite  complete  on  all  of  these.  Foondaiions  for  a  stamp- 
mill  have  also  been  put  down,  and  all  the  mining  and  milling  plant  (20  stamps)  from 
the  Twentieth  Century  mine  has  been  transported  hither.  It  is  to  be  lu^ed  the 
several  veins  will  develop  into  merchantable  bodies  of  ore. 

The  one  shaft  has  reached  depth  of  220  feet,  inclining  about  80P  E.,  and  is  7  If 
11  feet  in  size.     The  only  level  is  at  80  feet  depth,  with  drifts  N.  18  feet  and  flL.r 
feet.  From  the  face  of  N.  drift  a  crosscut  runs  £.  22  feet ;  and  at  7  feet  in  the  B. 
another,  17  feet  W.  for  a  pump  station.    In  addition  to  this,  the  surface  of  tiM; 
has  been  stripped  at  several  places.    The  shaft  has  a  collar  and  temporary  bead 
but  no  timbers  below  this,   and  no  ladders  below  the  level.     Instruotiosis  were  ^i^ 
to  put  the  shaft  in  safe  condition  by  cpmplying  with  the  Mines  Act  regolatioiBS, 
to  prohibit  riding  in  the  bucket.     Hoisting  was  done  by  a  temporarily  placed 
and  hoist  engine  and  bucket  in  skids.     Other  instructions  were  necessary  for  the 
and  safe  handling  of  the  explosives. 

The  sinking  has  followed  a  small  vein  of  dark  quartz,  which  in  places  ptoAttti 
some  showy  free  gold  specimens.  On  the  surface  two  other  veins  run  paraDel  to  ttb 
at  15  feet  and  18  feet  east  of  the  shaft,  and  still  two  more  at  50  feet  and  160  fat 
west  of  it.  The  first  two  or  three  near  the  shaft  may  be  found  to  connect,  but  the  othm 
appear  as  quite  distinct  deposits.  They  are  all  more  or  lees  lentj^cular  in  character, 
and  lie  in  and  with  the  strike  of  the  greenstone  country  rock,  which'  is  N.  E.-S.  W. 

Volcanic  Reef 

This    property    is   operated    by   the  same   management    as  the    Laurentian  mine, 
ramely,   by  Mr.  Dryden  Smith,  with   a  force  of  fifteen  men,  and  the  owners  are  tha 
Volcanic  Reef  Mining  Company,  Boston,  Mass.,  and  Toronto,  Ont.     President,  Anthony 
Blum,  and  secretary,  John  Molath.     The  mining  location  under  development  is  S  40 
but    the    company    also    owns    H  P  377,   S  39  and  S  41   in    the    same  neighborhood, 
namely  at  Mud  lake,  just  east  of  the  upper  end  of  Upper  Manitou  lake.     A  mile  and 
a  half  wagon  road  has  been  constructed  by  the  company  from  the  Laurentian  to  thii 
mine  as   a  continuation  of  that   from   Gold   Rock.      S   40  adjoins   the    Little  Master 
property,  one  of  the  veins  (No.   1)  on  which  continues  through  and  forms  that  which 
id  here  under   development.     It  is  of  quartz,  lying  in   and  with  the  trap  formation, 
and  therefore  lenticular,   and  a  foot   or  so  in  width.     From  the  outcrops  on  the  top 
of  the  hill,  168  feet  above  Mud  lake,   and  600  feet  northerly  therefrcmi,  or  the  same 
distance  northeast  of  the  Little  Master  workings,  the  shaft  is   being  sunk,   130  feet 
deep  to  date,  8th  October     1904,  vertical,   and  6  by  9  feet  in  size.     A  level  has  been 
made  at  100  feet  depth,  with  driffs  N.  19  feet  and  S.  23  feet.     Timbering  has  kept 
pace  with  the  sinking,  with  the  expectation  of  installing  a  cage  shortly.     At  present 
hoisting  is  done  with  bucket,  and  a  small  hoist  operated  by  compressed  air,  brought 
by  3-inch  pipe  from  the    power   house   on    the  lake    shore,    1,500   feet    distant.    The 
machinery  at  this  latter  plant  consists  of  a  50-h.p.  tubular  boiler  and  a  S-drill'  Rand 
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r  compresaor.  At  the  mine  *  new  shiift-htnue  will  Bhorllr  be  completed  to  replace 
le  preaent  temporary  arraugemaDta.  For  the  camp  two  large  log  houses  hare  hean 
lilt,  and  a  atable.  Some  carelessneea  existed  in  the  care  and  thawing  of  the  dynBmit<>, 
r  the  remedyinc  of   which  instrnctions  were  given. 


Volcanic  Reef  gold  mine,  shaft  and  buildings, 

Oiant  Mine 

The  point  of  operations  has  again  been  shifted,  hut  thia  time  back  to  the  original 
[lace  on  H.  W.  76.  The  shaft  and  other  development  work  on  H.  W,.  1S5  is  reported 
*D  have  not  given  sufficient  pay  rock  to  warrant  further  expenditure.  The  mining 
lUnt  has  in  part  been  transported  over  to  the  lake  shore  below  the  old  tunnel,  and 
Mt  Dp  with  a  on&«tamp  Nissen  mill,  with  which  some  small  test  runs  on  the  ore  were 
ntde.  The  other  camp  is  still  in  use  however.  In  June  1904,  sinking  was  resumed 
m  the  old  18-foot  shaft  under  and  past  which  the  tunnel  was  driven  during  1901-03  to 
*  length  of  100  feet.  The  shaft  has  just  broken  through  into  the  tunnel  at  a  depth  oS 
60  feet  on  its  incline  of  80"  N.  W.,  and  intersects  the  latter  at  55  feet  in.  The  vein 
bill  the  shaft,  6  feet  wide,  having  defined  walls,  and  being  composed  of  quarta,  calcita 
Ukd  chlorite,  with  a  fairly  hagh  percentage  of  iron  pyrites. 

The  stamp  mill  is  connected  with  these  workings  by  about  260  feet  of  surface  tram 
nad,  the  plant  consisting  of  a  1-stamp  battery,  the  18-h.p.  mine  boiler,  engine,  feeder, 
misher  and  platea. 

P.  Paulson  remains  in  charge  with  a  force  of  six. 

Little  Master 

Development  has  continued  steadily  since  last  inspection  under  the  same  mai- 
igement,  and  with  a  force  of  tventy-five  men.  The  main  or  No.  3  shaft  is  now  176 
e«t  deep,  and  timbered  most  of  the  way. 
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First  level,  152  feet  deep;  west  crosscut,  175  feet;  east  crosscut,  180  feet,  with 
a  drift  S.  20  feet  at  105  feet  in.  A  No.  3  Cameron  pump  unwaters  from  this  level 
Hoisting  is  still  done  by  bucket,  but  this  is  operated  from  a  new  power  house  60  feet 
S.  £.  of  the  shaft.  Herein  have  been  installed  a  new  2-drill  Rand  air-oompreewr, 
the  same  hoist  and  another  65-h.p.  locomotive  boiler.  This  last  was  in  a  very  unsafe 
condition,  necessitating  instructions  for  its  abandonment.  A  large  new  boarding  house 
is  about  completed,  the  lumber  for  which  is  cut  on  the  premises  in  a  sawmill  owned 
by  the  company. 

The  plan  of  development  entails  crosscutting  from  the  underground  levels  to  ibe 
four  more  or  less  parallel  veins  additional  to  the  one  (No.  2  vein)  that  No.  S  shaft 
IS  sunk  in.  The  No.  1  vein  lies  about  200  feet  N.  W.  of  No.  8  shaft,  and  forms  in  m 
N.  £.  extension  the  Volcanic  Reef  mine  vein.  Shafts  Noe.  8  (main)  and  2  are  snnk 
i*  the  same  No.  2  vein  about  300  feet  apart.  Veins  Nos.  3,  4  and  6  lie  to  tiie  8.  E. 
of  the  main  shaft,  all  within  about  200  feet  distance  and  nearly  equally  qiaoed. 

Paymaster  Mine 

This  newly  opened  prospect  comprises  mining  location  H  W  20  of  83  marm  area, 
'  and  adjoins  the  Big  Master  locations  to  the  southeast.  It  is  owned  by  the  Korthen) 
Development  Oompany,  president,  J.  E.  Burns,  and  secretary,  E.  D.  SoodaBi  with 
cffices  at  107  Majestic  Building,  Detroit,  Mich.  Operations  commenced  in  the  fill  of 
1903  with  R.  J.  Elliott  as  superintendent.  A  vertical  shaft  has  been  sunk  100  feet 
deep  with  a  drift  N.  W.  20  feet  from  the  bottom.  Hoisting  is  done  by  bucket  and 
small  hoist,  and  a  25-h.  p.  boiler  in  an  adjoining  hoist  house. 

A  couple  of  neat  camp  buildings  have  also  been  erected. 

The  shaft  started  down  on  one  of  two  lenticular  quartz  veins  about  30  feet  apart, 
each  from  18  inches  to  2  feet  wide  where  exposed  on  th/b  surface,  and  dipping  a  few 
cegrees  to  the  S.  E.  with  strike  about  N.  E.-S.  \V.  The  country  rock  is  the  green 
schist  of  this  district.  Work  had  just  ceased  at  the  time  of  my  inspection,  7th  October, 
1904,  but  has  since  been  resumed,  according  to  report. 

Big  Master 

Owing  to  financial  difficulties  this  mine  has  lain  idle  since  the  first  of  the  year. 
The  bondholders  recently  foreclosed  on  the  former  owners,  the  Interstate  Consolidated 
Mineral  Company,  bid  in  the  property,  and  formed  themselves  into  the  Big  Master 
Mining  Company,  licensed  to  operate  under  the  laws  of  Ontario,  with  president  Benj* 
Hammond.  The  offices  of  the  new  concern  are  at  Fishkill-on-Hudson,  N.  Y.,  an*^ 
Gold  Rock,  Ont.  W.  Shovells  is  still  in  charge,  and  with  a  few  men  has  oommenceJ 
renovating  camps  and  machinery,  and  strengthening  the  head  frame  structure  orer 
the  shaft  with  tlie  intention  of  shortly  resuming  mining.  Additional  mining  pl*^* 
i7i  the  way  of  pumps,  air  drills  and  hoist  may  be  installed. 

According  to  the  office  plans  the  ore  shoot  in  the  west  vein  has  been  found  to  wid'jn 
»nd  lengtlien  respectively  from  2 J  feet  by  30  feet  on  the  surface  to  8  feet  by  166  i^ 
on  the  second  or  18o-foot  level,  and  9  feet  width  in  the  winze  below  this  point,  and  to 
have  shown  an  average  value  of  $17  per  ton.  The  East  vein  or  shoot,  so  far  ofily 
opened  out  along  the  first  or  85  foot  level,  has  a  length  there  of  140  feet,  and  • 
ridth  of  12  feet,  with  an  avergo  assay  value  of  $8.35  per  ton. 

5t.  Anthony   Reef 

On  account  of  the  lateness  of  the  season  and  because  practically  no  mining  b»^ 
been  done  since  the  last  inspection  of  this  property  in  1902,  no  visit  was  made  on  th« 
trip.  But  later  from  Mr.  J.  S.  Steele,  manager,  it  was  learnt  that  mining  rrU 
resumed  towards  the  end  of  the  year.  No.   1  open  cut  being  deepened  to  water  M 
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(lake  1«T«1),  that  is  to  44  feet  deep  at  the  breast,  and  Nos.  1  and  S  ihafU  being  con- 
a«cted  b;  a  drift  on  the  uadergrouud  level.     Btoping  had  begun  af  ibis  latter  plicn. 

During  the  past  jear,  also,  a  lO-stamp  mill  was  taken  in  and  erected,  a  sawmill 
to  furnish  the  lumber  neccsaarj,  and  a  complete  mining  plant  of  boiler,  hoist,  air- 
compreesco-,  drills  and  pumps.  It  wwi  expected  that  the  mill  was  then  in  operatiDii, 
u  sufficient  ore  for  some  months  to  come  already  lies  at  tiie  dumps. 

The  employeee  number  tnenty. 

Sunbeam  Mine 
This  is  the  old  A  L  282  prc^erty.  Tbe  owners  and  management  ramain  the  «ams, 
but  the  force  of  men  has  incrCMed  to  forty  on  account  of  the  enlarged  scalo  of  t^on- 
tions.  Some  additional  mining  locations  have  been  acquired  adjoining  or  in  Um 
ricinity  of  A  L  S83,  as  follows:  H  P  623  to  626,  and  X377-8-9,  690-1  ud  614.  .  A 
lO-stkmp  mill  has  been  built  on  X614  about  tlove-fourths  of  a  mile  distftnk  fnm  th* 


Sunbeam  gold  u 


mine  on  A  L  282,  and  the  two  connected  by  a  surface  tram  road  operated  with  horsj 
cars.  The  milling  plant  includes  10  stamps  of  1,030  lbs,  weight,  platee,  9  by  IS-inch 
jaw  crusher,  a  40-h.p.  horizontal  engine,  and  in  an  adjoining  bniUing  ft  40-h.p. 
boiler.  The  purap  is  stationed  on  the  lake  shore  200  feet  dUtant.  Treatment  of  the 
vn-  commenced  in  July  190i,  and  has  continued  eadily  to  this  date  of  inspoction, 
13th  October    1904.  ' 

At  the  mine  considerable  work  has  been  accomplished.     The  upper  76-foot  verticd 
portion   of   the  shaft  has   been   abandoned   and   the   incline  continued   slraight  to   the      . 
surface  for  the  better  operation  of  the  skip.     The  new  shaft  head  gear  combines  amaU      ■ 
ore  bins  and  chutes,   from  which   the   tram  cars   are   loaded  for   the   mill.      The   »!»ft    .1 


has  reached  a  depth  of  410  feet  on  the  43*  incline  N. 
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First  level,  S.  W.  drift,  185  feet  (30  feet  increase)  with  *  stope  65  feet  long  by 
S5  feet  high  by  6  feet  wide. 

Second  level :  in  the  N.  E.  drift  there  are  two  stopee,  one  30  feet  long  by  8  feet 
high  by  6  feet  wide,  And  the  other  36  feet  long  by  IS  feet  high  by  6  feet  wide;  S.  W. 
drift,  also  two  stopes,  one  30  feet  long  by  12  feet  high  by  6  feet  wide,  and  the  other 
5b  feet  long  by  15  feet  high  by  6  feet  wide. 

Third  level:  in  the  6.  W.  drift  is  one  atope  25  feet  long  by  6  feet  high  by  6  feet 
wide. 


•■;  shaEt,  tunnel  and  power  house. 


AH  »*iii"g  is  done  by  hand  drills.  Ventilation  depends  on  the  natural  air  cir- 
,  whioh  will  soon  have  to  be  aided,  if  the  working  places  are  extended.  ^ 
new  hoist  hooM  has  been  built  on  the  flat  beside  the  boiler  house,  and  contains  a 
n«w  96-h.  p.  hoist  engine. 

A  L200 

A  short  account  of  this  property  was  given  in  the  last  Report  of  the  Bureau 
OB  pages  71  and  7S.  According  to  one  of  the  officers  of  the  company  a  little  more 
mining  has  been  done  since,  consisting  of  stripping  the  vein  and  crosscutting  it  *t 
about  1,000  feet  N.  E.  of  the  shaft.  Two  log  camp  dwellings  have  also  been  built, 
and   it  is  hoped  to  recommence  development  actively  this   fall. 


Shakespeare   Mine 
Three  inspections  were  made  of  this  mine  during  the 
otM  occasioned    by   a  serious  fatal  accident  whereby  sii 
nport  on  this  fatality  appears  in  another  part  of  this  v 


of  1904,  the  second 
lost  their  lives.  A 
Air  operations  were 
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■nspended  for  >  month  or  so  after  the  kcctdeot,  but  ainoa  that  time  luTa  coiitbn»4    . 
steadily  aince  the  inHpection  of  laat  year. 

The  tunnel  reached  a  length  of  76  feet  croaaeutting  the  formation  northwedcrlj. 
At  65  feet  drifts  nere  run  43  feet  S.  W.,  and  37  feet  N.  E.,  wi£E  in  tlie  latlar  i 
vroHscut  hom  the  face  17  feet  S.  W.  At  its  face  the  tunnel  connecta  with  ihaft  u 
a  point  63  feet  down.  The  shaft  ia  in  all  95  feet  deep,  with  at  90  feci  d^th  a  ctm- 
cut  8.  E.  38  feet.  It  is  timbered  into  a  bucket-way  and  ladder-way.  At  the  numto 
of  the  tunnel  stands  the  power-house,  with  40-h.  p.  boiler,  3-drill  InBoraoll  air.a>B- 
presKOr  and  hoist  engine.     The  blacksmith  shop  adjoins. 

From  the  shaft  house  a  surface  tram  road  runs  SOO  feet  across  the  ridge  to  i  box 
thute  dumping  on  to  the  crusher  floor  of  a  new  stamp  mill  now  under  erection  at  tin 
foot  of  the  cliS  on  the  fiat  in  the  N.  side.  The  plant  contains  6  gravity  atamri. 
Frue  vanner,  plates,  7  by  10-inch  jaw  crusher  and  feeder,  and  a  36-h.  p.  boiW  as! 
10  by  12-inch  horicontal  engine,  and  it  is  expected  will  be  in  operation  in  a  noDtli 
or  less. 

At  the  date  of  the  last  inspection,  27th  October  1904,  Mr.  James  McKenzie  *u 
superintendent,  with  a  force  of  eight. 

Avon  Mine 

The  property  by  this  name  is  controlled  by  a  syndicate  composed  of  J.  C.  Folef 
and  associates,  and  comprises  an  area  of  360  acres  in  Shakespeare  township  adjoininj 
the  Shakespeare  mine,  made  up  as  follows:  N.  half  lot  4,  concession  I ;  S.  half  of  li>t 
4,  c-oncession  II;  and  the  S.  E.  quarter  of  S.  hiilf  of  lot  5,  concession  II.     Hr.  J.  C. 


right. 


Foley  is  in  charge,  with  a  force  of  fourteen  men.  The  present  mining  work  is  ax 
ploratory,  consisting  of  surface  cuts,  and  the  tunnel  200  feet  long  to  date  driven 
H.  E  across  the  same  rock  ridge  or  hill  in  which  the  Shakespeare  workings  lie  and 
at  about  oaoHinarter  of  a  mile  farther  N.  E.  A  compressor  plant  &aa  been  orectel 
near  the  tunnel,  containing  a  W-h.  p.  boiler  and  a  3-drill  Rand  air-compressor  The 
ramp  buildings  number  three. 
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Instructions  were  given  for  greater  care   in   storing,   handling  and  thawing  th*) 
oynamite. 

Lucinda  Mine 

This  property  consists  of  the  N.  half  of  section  11  and  the  S.  half  of  section  3, 
Fenwick  township,  situated  near  Gk>ulais  bay,  lake  Superior,  and  is  reached  by  ro%U 
or  trail  from  Searchmont,  Algoma  Central  railway,  some  35  miles  north  of  Sault  Ste. 
Marie.  A  shaft  has  been  sunk  65  feet  deep  and  in  addition  some  surface  stripping  Jias 
been  done.  A  45-ton  Huntingdon  mill  was  installed  this  summer,  but  after  a  few  days 
run  all  operations  were  suspended. 

The  property  is  owned  by  the  Lucinda  Gold  Mining  Company,  Sault  Ste.   Mari<». 
Mich.,  secretary,  Chas.  M.  Dysinger,  and  president,  F.  M.  Dale. 
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Williams  Mine 

Considerable  activity  has  marked  the  development  of  this  property  since  the  last 
inspection  of  a  year  ago.  At  SOth  October,  1904,  t^e  shaft  had  reached  a  depth  of 
200  feet,  and  was  carefully  timbered  and  divided  into  two  compartments,  for  ladder- 
way  in  one  and  bucket-way  with  guides  and  cross  head  in  the  other.  A  level  has  been 
cpened  at  200  feet  depth  with  drifts  S.  E.  20  feet  and  N.  W.  74  feet  at  30  feet.  la 
the  latter  a  crosscut  runs  N.  E.  42  feet;  and  at  85  feet  in,  another  S.  W.  86  feet. 
All  drilling  is  done  by  hand.  A  new  blacksmith  and  carpenter  shop  had  just  been 
completed,  the  old  one  to  be  converted  into  a  dry  room.  Ventilation  is  provided  for 
by  a  IS-inch  pipe  with  steam  jet  suspended  down  the  shaft  and  along  the  level  to  tb'3 
working  faces.  From  February  to  May  1904,  1,500  feet  of  diamond  drilling  was  done, 
Umi  fire  holes  being  all  bored  from  the  bottom  of  the  shaft,  serving  to  guide  the  sub- 
fefnmtt  develc^ment  outlined  above.  One  hole  inclined  70^  northeasterly,  passed 
tlnnnil^  16  feet  of  clean  hematite  at  322  feet  depth.  With  the  opening  of  the  level 
•  hodj  or  vein  of  clean,  solid  ore  was  struck  4  feet  six  inches  in  width,  and  this 
flAilids  through  the  drifts.  Nothing  further  was  met  in  the  N.  E.  crosscut,  but  «q 
the  8«  W.  one  a  series  of  ore  bodies  was  cut  through  about  as  follows,  and  in  addition 
ieflm-body  in  the  main  level:  from  the  drift  8.  W.,  16  feet  slate,  2  feet  mixed  ore 
r4  Im^  dean  ore,  3  feet  mixd  ore,  7  feet  clean  ore,  9  feet  slate,  7  feet  mixed  ore,  8 
feat  dean  ore,  30  feet  to  face  in  black  schist.  The  aggregate  width  of  clean  ore  is 
IB  f«et,  and  of  lean  ore  12  feet. 

With  the  stoping  out  of  some  of  these  bodies  shipments  will,  it  is  expected,  be  made 
Anring  the  winter,  and  for  the  purpose  a  wagon  road  is  to  be  constructed  around  the 
N.  S.  shore  of  Loon  lake,  about  two  miles  in  all,  to  connect  with  the  Algoma  Central 
railway  at  Wilde  station.  Mr.  C.  C.  Williams  is  manager,  and  employs  a  force  of 
rii^bteen  men. 

Helen  Mine 

With  the  removal  of  the  financial  difficulties  of  the  Lake  Superior  Corporation 
in  the  spring  of  1904,  this  mine  resumed  operations,  and  has  since  been  producing 
and  shipping  at  the  rate  of  about  1,000  tons  of  ore  a  day.  Mr.  R.  W.  Seelye  is  super- 
intendent, and  employs  a  force  of  between  150  and  160  men.  The  largest  portion 
of  the  output  of  the  mine  is  going  to  the  United  States,  filling  contracts  made  previous 
t4)  the  erection  by  the  company  at  Sault  Ste.  Marie  of  its  own  blast  furnaces.  A  fair 
amount  has  however  already  been  stocked  at  the  blast  furnace  dock  at  the  Soj- 
It  brings  a  high  price  in  foreign  competition  on  account  of  its  value  as  a  mixer  with 
the  prevailing  soft  ores  of  the  States. 


<60  Bulreiiu  ot  Mines  No.  5 


No  more  ore  is  now  raised  from  the  open  pit,  but  all  is  milled  to  the  underground 
levels  and  hoisted  out  by  way  of  the  shafts.  There  are  two  of  theee  100  feet  apart. 
No.  1  is  used  for  development  purposes,  and  No.  2  for  hoisting  ore,  and  both  are  about 
200  feet  deep.  The  pit  floor,  90  feet  below  the  surface,  counts  as  the  first  level;  th<) 
second  is  at  168  feet  depth.  On  this,  dritts  run  approximately  at  right  angles  fo  one 
another,  undermining  the  ore  body,  and  from  suitable  points  raises  have  been  made 
to  the  pit  floor  80  feet  above,  down  which  the  ore  is  underhand  stoped  or  milled  from 
the  pit  to  the  second  level,  to  form  large  stock  piles.  From  these  the  desired  quantities 
can  be  trammed  to  produce  the  best  grade  mixture  of  ore.  These  mill  holes  hJaye  been 
so  located  that  each  produces  one  of  the  several  distinct  grades  of  ore.  According  to 
Mr.  Seelye,  the  first  grade  is  hard  compact  red  hematite,  60  per  cent,  iron  and  over; 
the  second  porous  but  hard  brown  limonite,  37  to  58  per  cent,  iron;  the  third,  sort 
brown  limonite,  63  to  54  per  cent.  iron.  The  grades  low  in  iron  are  on  the  other  hand 
freer  from  phosphorus  and  sulphur,  so  that  by  judicious  mixing  an  ore  of  the  following 
average  content  can  be  maintained: 

Per  Cent. 

Iron 61.40 

Silioa 4.60 

Phosphoms 087 

Bolphnr 086 

Water 3.75 

When  shipping,  the  skips  dump  the  ore  direct  into  the  rock  crusher  at  the  top 
of  shaft  house,  whence  it  drops  into  the  50-ton  ore  cars  to  be  hauled  at  once  to  the 
ere  docks  in  Michipicoten  Harbor.  In  winter  the  ore  will  be  stocked  ondergroimd, 
and  not  on  ore  piles  in  the  open  as  formerly.  No.  2  shaft  is  now  sinking  to  open  out 
a  third  level  to  repeat  the  operations  on  the  second. 

The  surface  plant  has  been  partially  remodelled  by  lowering  the  shaft  home  and 
crusher  some  36  feet,  and  installing  a  new  large  double  drum  hoist  and  the  two  air 
compressors  (14-  and  6-drill  respectively)  in  a  new  power  house  on  the  bared  bmnkg  tjl 
Boyer  lake  now  pumped  out.  A  new  battery  of  four  boilers  in  the  same  bnildifig 
supplies  power  for  the  entire  workings.  The  rest  of  the  plant  remains  the  same  as 
before. 

Instructions  were  given  for  certain  changes  in  the  place  and  method  of  thawing 
the  dynamite,  and  also  for  greater  safety  in  its  general  care. 

Preparations  have  been  made  for  hydraulicking  and  pumping  out  the  mud  which 
overlies  the  60-foot  deposit  of  iron  pyrites  to  a  thickness  of  30  to  35  feet  in  tlud  bed 
of  Boyer  lake.     This  mud  will  have  to  be  removed  before  the  pyrites  can  be  handled. 


COPPER   MINES 

Massey  Station  Mine 

Inspections  were  made  of  this  mine  twice  in  1904,  one  in  June  and  the  other  i 
October.      On   the  last  occasion  a  change   had   been    made   in   the   stafiF,    Mr.    H. 
Hardinge  being  superintendent,  and  Mr.   Barclay  having  resigned  from  treasurersh 
of  the  company.    The  mine  had  been  closed  temporarily  in  July,  during  the  constructs 
ot'  the  oil  concentrator,  but  had  again  opened  at  the   time  of  my  second  visit.     T 
number  of  employees   has  been   increased  to  forty-four. 

The  shaft  had  not  been  sunk  any  deeper. 

First  level :    unchanged. 

Second  level:    small  overhand  stopes  in  both  E.  and  W.  drifts. 

Third  level :   E.   drift,  54  feet  with  overhand  stope  to  the  face  32  feet  high,  . 
ending  in  a  raise  to  the  second  level,  and  connecting  by  winze  with  the  fourth  levd! 
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Fourth  level  -  E.  drift  140  feet  with  a  crosacut  from  the  f*ce  S.  30  feet,  and  • 
stope  M  feot  long  iy  20  feet  high;  W.  drift  343  feet,  witE  at  Ul  Teet  in  a  croBSCUt 
S.  16  feet,  and  a  stope  55  feet  long  by  66  feet  high,  terminating  in  the  raise  to  the 
third  level.  . 

Fifth  level :  E.  drift  62  feet,  and  W.  dria  30  feet. 

Sixth  levd :  E.  drift  17  feet,  and  W,  drift  36  feel. 

Seventh  level:  E.  drift  116  feet,  with  at  60  feet  in  a  crosscut  N.  50  feet;  W. 
drift  37  feet,  with  at  the  face  crosBcuta  N.  W.  85  Teet  and  S.  15  feel. 

The  shaft  partition  has  been  put  in  to  the  fourth  level,  acc<»'ding  to  subsequent 
advice  from  the  manager. 


Maaeey  Station  copper 


looking  west. 


i  of  railway  from  Massey  station  this  spring, 
ew  concentrator  brought  in.     By  October  the 


The  rails  were  laid  on  the  Bide  lin 
ftxid  the  machinery  and  plant  for  the  i 
plant  was  completed  and  in  operation. 

The  accompanying  illustrations  will  give  an  idea  of  the  sise  of  the  building.  The 
or*  treatment  conaistB  of  6rst  wet  concentration  on  a  Wilfley  table  of  the  fairly  coarse 
pulp,  and  subsequent  separation  of  the  chalcopyrite  out  of  the  finely  pulped  remainder 
by  taking  advantage  of  the  affinity  of  this  mineral  for  oil.  The  plant  consists  of  a 
Ki'npp  ball  mill,  a  Wilfley  concentrator,  a  tube  mill  and  a  2-unit  (50-ton)  Elmore  oil 
^■■nt.  The  engine  operating  the  whole  is  supplied  with  steam  from  the  adjacent  mine 
boiler  battery.     The  first  runs  with  the  plant  are  giving  good  results. 


Hermina  Mine 

Development  has  progressed  actively  at  this  property  during  the  past  year,  with 
*   Present  a  force  of  15  to  20  men.     It  was  inspected  on  three  occasions  during  1904 

^  Mee  that  several  instructions  regarding  its  safe  operation  were  carried  out.  The 
**t  visit  was  made  on  28th  October    1904.     Mining  has  during  the  year  been  confined 

'**"*«tically  to  one  place  at  the  southeast  end  of  the  property,  by  sinking  a  shaft  202 
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feat  daap,  verticat,  aod  7  b;  10  fMt  in  tise,  with  the  fint  lerat  at  SO  feat  d^tb,  on 
which  A  crOBwut  runs  E.  35  feet,  then  turning  S.  40  feet,  «nd  k  second  level  station 
just  being  opened.  The  timbering  for  a  bucket-way  witil  croahead  and  Biiidn,  and 
a  ladder-way  was  being  completed  to  the  bottom.  The  shaft  follows  down  a  vein  of 
almost  clean  chalcopTrite  from  one  to  two  fe~t  wide,  which  liea  in  a  green  trap. 

A  solid  head  frame  has  been  erected  over  the  shaft,  and  a  short  diatanoQ  awa;  a 
power  bouse  containing  the  mining  plant  of  a  60-h.  p,  boiler,  6-drill  IngersoU  air- 
compressor,  duplex  cylinder,  3-foot  drum  hoist  engine  and  pumps.  The  blacksmith 
shop  adjoins,  but  the  same  camp  is  in  use  about  tbree-fourEhs  of  a  mile  to  the  west, 
«bwa  a  new  office  has  been  built. 

The  wide  vein  at  the  N.  W,  end  of  the  lota  received  some  further  attention  OJ 
sinking  a  10-foot  pit  out  of  the  surface  nrosscut  mentioned  in  last  year's  report. 

A  satisfactory  dynamite  thawing-house  has  been  added,  and  another  separated 
«bed  is  to  be  used  immediately  for  storing  the  oil. 

Eagle  Copper  Mine 

A  short  account  of  this  mine  was  given  in  the  Twelfth  Report  of  the  Bcreau,  pagvfl 
101,  under  the  heading  Goulaia  Bay.     In  addition  to  the  8.  W.  quarter  of's^tion  liM 
the   company   also  control   flie   N.   W.   quarter   of  section    14,   the   8,   W.    and   N.    wJ 
quarters  of  section  23,  and  the  8.  E.  quarter  of  the  8-  E.  quarter  of  section  15,  i" 
in  Vankoughnet  township,  aggregating  600  acres. 

Most  of  the  mining  has  been  done  on  the  8.  W.  quarter  of  section   14,  «inEistii^ 
rf  a  shaft  55  feet  deep,   vertical,   and  6  by  11  feet  in  sice,  with,   at  the    bottom, 
crosscut  running  8.  37  feet,  and  tnen  E.  66  feet.     At  40  feet  in  this  last  60  foet  anothf 
crosscut  was  driven  8.  18  feet.     At  200  feet  8.   E.  of  the  shaft  a  tunnel  enters  tb^l 
bill  for  90  feet  in  a  8.  E.  direct'on.     The  vein  is  composed  of  quarts  carrying  chaleo-  f 
pyrite  and  galena,  with  values  in  gold  and  silver.       A  mining  plant  haa  been  installedij 
consisting   of   a    14-h.p.   boiler,    pump,    a  steam   drill    and    a   heist   engine.     The   i 
is  made  up  of  two  dwelling  houses. 

The   above   information   wasobtaioed    in   October,   1904,   from    Mr.   A.    Q.    TerriUJ 
who  contracted  for  the  mining  done,  no  inspection  being  made  because  of  the  suspens 
of  operations  a  few  days  previous. 

Superior  Mine 

This  property  suspended  development  a  few  days  before  my  arrival  in  the  distriot; 
and  no  inspection  was  therefore  made;  but  from  Mr.  F.  M.  Perry,  manaj 
learned  that  all  work  has  during  the  year  been  confined  to  No.  6  shaft,  which  I 
reached  a  depth  of  200  feet,  with  the  first  level  at  100  feet  depth  and  drifting  thermd 
N.  W.  25  t'cet  and  S,  K.  25  feet;  and  the  second  level  af  50D  I'eet  depth,  with!  drifts^ 
N.  W.  25  feet  and  S.  E.  25  feet.  The  surface  plant  remains  unchanged.  The  reason 
given  for  the  stoppage  is  that  the  mine  has  reached  the  point  where  it  is  adTisable 
to  prosecute  development  on  a  larger  scale  with  increased  mining  plant  and  facilities 
of  transportation,  such  as  a  side  line  of  railway  from  the  Algoma  Central  railway,  and 
also  where  some  means  of  treating  the  ore  must  be  decided  on.  It  is  a  question  either 
oi  concentrating  at  the  mine  or  shipping  the  ore  to  Sault  Bte.  Marie  to  be  smelted 
at  a  customs  plant,  which  may  oe  erected  there,  or  possibly  of  both.  As  soon  as  the 
future  plan  of  operations  is  decided  on  the  owners  intimate  their  intention  of  reGum- 
ing   work. 

WHISKEY    LAKE    COPPER    AREA 

The   Whiskey   Lake   area,  so-called   from   the   presence   within   its  boundaries  of  a 

fairly  large  lake  of  that  name,  is  included  at  the  present  time  within  four  township*, 

each  six  miles  square,  and  known  as  Nos.  137,  138,  143  and  144.    These  are  contignomi 

in  the  form  of  a  square,  whose  southern  boundary  lies  two  townships  north  of  Shedd« 
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■nd  Lewis,  which  border  on  the  north  shore  of  Lake  Huron.  The  loner  end  of  Whiskay 
Inke  is  distant  about  fifteen  miles  due  north  of  Cutler,  on  the  Canadian  Pacifl.: 
railway,  Sault  Branch,  from  where  one  may  reach  the  lake  by  canoe,  up  the  Serpent 
river  waters.  Lumbering  operations,  however,  practically  close  this  river  for  navigation 
until  the  fall  of  the  year.  The  usual  route  followed  is  by  a  roundabout  road  33  milei 
long  from  Massey  Station,  farther  east,  northwesterly  throughi  the  townships  of 
Salter  and  Tennyson,  and  township  No.  130  to  the  east  aide  of  Whiskey  lake,  after 
which  all  travel  is  by  canoe  through  the  lakes  and  rivers  which  abound  in  the  region. 
Another  road  of  about  the  same  length,  but  in  a  worse  condition  for  travel,  goes 
northeast  from  Spragge,  to  the  west  of  Cutler,  arriving  ac  Picard's  lake.  At  this 
point  the  canoe  is  taken,  passing  up  Whiskey  creek,  about  three  miles  in  length,  and 
thence  into  Whiskey  lake. 

Most  of  the  townships  in  this  district  have  been  under  timber  license  to  lumbering 
firms  for  thirty  years  or  more,  with  authority  to  cut  the  pine  and  other  trees  thereon, 
u)d  the  exiEtence  of  these  valuable  timber  interests  has  operated  to  diBcourage  proi- 


B.E.  Long's  quartz-copper  vein;  outcropping  on  west  side  Comer  Lflke,  Umber  Berths  137  and  143. 

pccting  or  mining,  which  would  tend  to  expose  the  timber  to  danger  of  loss  by  fir-j, 
Unst  of  the  townships  have  been  cut  over  once,  a  number  of  years  ago,  but  the  timber 
then  too  email  to  take  has  grown  in  size,  and  in  certain  portions  of  the  limits  is  now 
merchantable.  Where  the  lands  have  been  denuded  of  their  timber  this  obstacle  To 
migiDg  does  not,  of  course,  exist. 

The  occurrence  of  copper  in  the  area  has  been  known  for  a  number  of  years,  but 
NA  until  recently  have  other  than  the  original  one  or  two  finds  been  made.  Tbeae 
taw  deposits  have  proved  to  be  unusually  continuous,  as  a  result  of  which  the  locators 
hne  taken  up  considerable  areas  of  land,  some  of  which  have  been  surveyed,  and  the 
iMt  limply  applied  for,  pending  the  opening  of  the  district  for  mining.  The  excellent 
•peciinenB  of  ore  sent  out  also  gave  the  appearance  of  worth  to  the  discoveries,  war- 
tuting  the  present  short  examination  of  the  field. 
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■  The  district  haa  sevefal  characterigtic  features  in  which  it  differs. from  the  lower 
land  to  the  south,  amongst  these  being  the  large  number  of  lakes,  long  and  narrow 
for  the  most  part,  separated  by  high  rocky  hills  and  connected  one  with  the  other  by 
typical  mountain  streams.  Although  the  hills  do  not  rise  much  over  300  feet  from 
the  lakes  at  the  foot,  they  are  unusually  precipitous  and  strewn  with  rock  debris. 
The  rocky  nature  of  the  country  is  frequently  hidden  at  a  distance  by  the  .heavy 
growth  of  stout,  healthy  trees  of  both  hard  and  soft  woods. 

For  a  couple  of  miles  or  so  north  of  Massey  Station  the  road  passes  over  quartz- 
ites  intersected  at  intervals  by  dikes  of  greenstone,  probably  diorite,  and  then  urji 
a  stretch  six  to  ten  miles  wide  composed  entirely,  as  far  as  could  be  observed,  of  thd 
Igneous  rocks,  granite  gneiss  and  diorite,  the  last  intersecting  the  other  in  narroir 
or,  more  frequently,  extensive  eruptions.  At  Whiskey  lake  the  quartzite  again 
appears,  and  here,  as  in  the  belt  to  the  south,  it  is  broken  up  by  a  series  of  more  or 
U'ss  parallel  intrusions  of  diorite,  having  a  course  east  and  west  and  vertical  d'p. 
Where  observed,  the  width  ranges  from  100  feet  to  as  much  as  half-a-mile.  In  texture 
the  diorite  is  usually  medium-grained,  granular  and  green  in  color,  althJbugh  along 
v'ts  contacts  with  the  quartzite  this  disappears  in  an  alteration  towards  a  darker 
compact  schist. 

The  quartzite,  in  texture,  composition  and  color,  varies  considerably,  but  in  the 
main  is  of  rusty  white,  clear  quartz  of  medium  grain.  From  this  it  ranges  throagh 
a  pinkish  arkose  with  the  feldspar  in  fair  abundance  towards  a  fine-grained  grayish 
lock  also  felspathic;  and  on  the  other  hand  towards  a  quite  coarse  rock,  almosi 
entirely  quartz  in  composition,  having  somewhat  the  appearance  of  a  conglomerate 
from  the  presence  of  embedded  stones  measuring  as  much  as  six  or  eight  inches  acrou. 
These  large  inclusions  are,  however,  composed  of  practically  identical  material. 

Along  the  east  shore  of  Whiskey  lake,  where  also  the  eastern  boundary  line  of  th^ 
townships  in  this  area  runs,  granite  outcroppings  appear  on  some  of  the  hills,  hot 
whether  they  are  of  intrusive  origin  as  well  as  the  diorite,  or  merely  outliers  from  the 
Laurentian  rocks  to  the  north,  was  not  determined,  no  copper  veins  having  yet  bees 
discovered  on  that  side  of  the  lake  and  area. 

An  examination  of  the  different  mining  locations  shows  three  distinct  dassei  of 
veins  or  ore  deposits,   according  to  their  characteristics,  but  all   appear  traceable  iii 
the    first    instance  to    faulting  or  fracturing,  subsequent    to    the   solidification  of  tha 
greenstone  ejections. 

Campbell's   Island 

On  CampbelPs  island,  near  the  centre  of  Whiskey  lake,  and  at  the  falls  at  the 
bead  of  the  lake  one  and  the  same  class  of  vein  occurs.  It  consists  of  lenticular  qufti^ 
fillings  in  blocky  green  schist,  the  quartz  carrying  galena  and  iron  and  copper  pyritc* 
in  irregular  pockets,  which  are  quite  small  and  unimportant  in  value  where  expoe©^ 
by  the  few  open  cuts  and  strippings.  A  sample  from  one  of  these  openings  on  the  v*** 
at  each  location  gave  by  assay  only  traces  in  gold,  but  from  $1.00  l»  over  $8.00  P«^ 
ton  silver,  according  to  the  quantity  of  galena  present.  The  amount  of  copper  was  too 
small  to  need  a  determination. 

Campbell's  island   has  an   area   of   about  160   acres    and   rises  very   steeply  to  * 
height  of  185  feet  above  the  lake.     It  consists  of  a  mass  of  diorite    and  through  *^* 
face  of  a  bluff  of  this  on  the  south  side,  at  125  feet  above  the  lake,  the  quarts  ^^^ 
outcrops,  striking  about  N.  W.-S.  E.,  with  a  dip  of  thirty  degrees. N.  E.     The  ^** 
can  be  traced  for  about  225  feet  in  all,  having  a  width  of  four  or  five  feet  for  76  f^ 
N.  W.  of  the  one  opening,  but  pinching  out  to  narrow  stringers  in  the  remaining  '^^ 
f€et  in  the  opposite  direction. 
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The  other  location  referred  to  as  at  the  head  of  Whiskey  lake,  takes  in,  as  applied 
^T,  the  land  on  both  sides  of  the  100-yard  stream  and  falls  (20-feet  drop)  which 
mpties  Bear  lake  into  Whiskey  lake.  The  lenticular  quartz  vein  lies  on  the  east  side 
I  the  stream  and  was  traced  back  east  from  the  water's  edge  300  or  400  feet,  with 
ridths  of  two  to  six  feet.    The  strike  is  east  and  west  and  dip  about  vertical. 

This  class  of  vein  lies  well  within  the  interior  of  the  greenstone  bands,  and  hjiS 
)o  apparent  connection  with  the  contact  disturbances  to  which  are  due  the  mo*it 
mportant  class  of  ore  body  described  hereafter. 

The  Peyton  Location 

The  class  to  which  the  second  variety  of  vein  belongs  is  yet  doubtful.  It  will 
probably  be  found  to  have  lenticular  characteristics.  Only  one  example  is  so  fnr 
known,  and  that  on  mining  location  W  R  94,  called  the  Peyton  location,  on  the  west 
side  of  Whiskey  lake  and  southwest  of  Campbell's  island.  The  vein  outcrops  at  the 
shore,  mostly  under  the  water,  and  cannot  be  traced  for  more  than  100  feet  altogether. 
Apparently  it  pinches  out  inland,  as  nothing  is  to  be  seen  of  it  in  the  rock  bluffs 
back  of  the  shore.  It  lies  in  the  quartzite  with  vertical  dip,  and  a  strike  N.  70^  W. 
well  within  one  of  a  series  of  bands  of  this  formation  alternating  in  a  N.  and  S. 
direction  with  other  bands  of  greenstone. 

Quartz  and  chalcopyrite  compose  the  vein  and  ore.  Of  this  from  the  exposure  on 
the  shore  a  small  amount  was  raised  by  open  pit  which  ran  high  in  copper  content. 
Is  a  25-foot  shaft  sunk  a  short  distance  back  from  the  lake  the  quartz  body  breaks 
lip  into  a  few  smaller  stringers  with  less  copper.  The  small  amount  of  work  done, 
vith  the  meagre  surface  exposure  is  insufficient  to  give  any  idea  as  to  the  continuity 
oi  eitUer  the  vein  or  the  copper  values  therein. 

The  veins  of  the  third  or  remaining  class  have  been  found  more  frequently  than 
either  of  the  others,  and  from  their  unusual  continuity  along  unvarying  lines  of  strike, 
and  the  generous  distribution  of  fair  to  merchantable  quantities  of  copper  at  all 
l*oint8  where  uncovered,  they  undoubtedly  form  the  most  important  deposits  of 
copper  ore  in  the  area.  They  constitute  fillings  of  quartz  and  chalcopyrite  along 
faulted  or  merely  shattered  zones  of  the  greenstone,  always  either  in  or  quite  close 
^0  its  contact  with  the  quartzite.  The  greenstone  or  diorite  side  of  these  contacta 
evidently  marked  the  main  lines  of  weakness  in  the  rocks  of  the  area,  since  no  other 
disturbance  approaches  the  prominence  of  this. 

Where  a  clean  fault  was  made  the  vein  has  all  the  characteristics  of  a  true  fissure 
<?epo6it.  The  walls  are  often  slickensided  and  lined  with  more  or  less  gouge,  being  in 
rach  case  well  defined.  Most  of  the  gangue  consists  of  quartz,  especially  where  the 
vein  has  narrowed  down,  the  only  other  rock  being  trap,  which  is  inter  banded  througM 
the  quartz  in  greatest  quantity  where  the  vein  is  widest.  The  brecciated  ore 
bodies,  which  follow  lines  or  zones  of  fracture  rather  than  of  faulting  in  the  diorite, 
ire  composed  mainly  of  the  trap  itself  in  angular  masses,  both  large  and  small, 
cemented  together  with  a  much  smaller  quantity  of  quartz  and  chalcopyrite.  The 
walls  in  this  case  are  rather  indefinite;  the  ore  will  probably  be  found  to  quickly 
decrease  in  copper  content  as  the  undisturbed  rock  on  either  side  is  approached. 

The  strike  of  these  copper  veins,  like  that  of  the  contacts  of  the  diorite  and 
<luartzite  they  follow,  is  most  often  a  few  (about  ten)  degrees  south  of  west,  but  it 
^tties  locally  as  much  as  45  degrees.  The  veins  have  a  width  of  three  or  four 
'est  to  over  twenty  feet.  The  copper  occurs  as  chalcopyrite,  and  constitutes  practical  y 
the  (mly  sulphide  present,  iron  pyrites  being  visible  in  the  gangue  and  the  walls  alone. 
^  chalcopyrite  is  both  finely  disseminated  and  in  large  masses  or  bands,  sometimes 
*  foot  wide.  As  very  little  work  has  been  done  it  was  not  possible  to  fairly  sampio 
*h«  veins  for  their  copper  content ;  but  it  will  be  neither  too  much  nor  too  little  tc 
^y  that  they  are  very  good  prospects. 

5  M. 
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THE  LONQ  TOM  LOCATIONS 


11.  !■:.  I.,.nu=;  .i":!"/-,..!.,.,.!-  vfin  stnp|».,l  ..n  W.  R.  !.1.  TLml«?r  Itprth  137. 
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One  of  these  veins  is  especially  interesting.     It  was  discovered  and  located  by  Mr. 

H.  £.  Long,  who  has  since  traced  it  for  nearly  three  miles,  and  for  a  further  distance 

of  two  or  three  miles  more  on  either  side  he  fouttd  similar  outcroppings  of  apparently 

the  same  deposit.     The  locations  covering  it  have  since  been  surveyed  and  filed  with 

Che  following  numbers,  from  east  to  west,  W.  R.  118,  114,  113,  119,  91,  115,  116,  ali 

in  the  northwest  corner  pf  timber  berth  137,  and  W.  R.  116,  117  and  126,  adjoining 

in  timber  berth  143.     For  about  half  their  total  length  these  locations  border  on  and 

include  most  of  the  land  under  the  waters  of  McCool  and  Corner  lakes.     The  property 

is  now  known  as  the  Long  Tom,  and  aggregates  about  1,760  acres.     H.  E.  Long  and 

Jas.  J.  McFadden  are  the  two  applicants.     The  vein  lies  along  the  contact  betweai 

diorit4  on  th«  south  and  quartzite  on  the  north,  but  entirely  in  the  diorite,  and  has 

lieen  uncovered  and  trenched  at  numerous  points  along  and  near  the  north  shore  of 

McCool  lake,  and  at  the  prominent  outcrops  on  both  sides  of  Corner  lake.     The  fissure 

now  filled  by  this  vein  follows  an  almost  straight  course  S.  80*^  W. 

The  Reynolds  Property 

The  Reynolds  property  consists  of  mining  location  W  R  92  at  thje  northwest  end 
of  Whiskey  lake  and  between  it  and  Bear  lake  and  the  short  stream  which  joins  the 
two.  It  lies  in  timber  berth  138,  about  a  mile  north  of  the  cast  end  of  thJe  Long  Tom 
locations.  Chas.  C.  Reynolds  is  the  locator,  and  jointly  with  some  associates,  the 
applicant.  The  outcroppings  and  what  work  has  been  done  on  them  in  the  way  of  a 
i*ig  open  cut,  are  reached  by  a  short  trail  from  the  bay  on  the  Whiskey  lake  side  about 
90O  feet  north  of  the  creek  mouth.  The  vein  has  the  same  strike  as  the  Long  Tom, 
ntmely  S.  80**  W. ,  with  about  vortical  dip  and  at  the  one  opening  is  twenty  feet  wide. 
This  width  seems  to  be  maintained  in  the  300  feet  over  which  it  was  traced  under  the 
moss.  It  is  composed  of  quartz  and  the  slightly  altered  hornblende  country  rock, 
closely  intermixed  into  a  dark  mass,  through  all  of  which  chalcopyrito  is  disseminated 
m  considerable  porportion,  mainly  in  a  fine  state.  In  this  case  the  contact  of  the 
enclosing  greenstone  with  the  quartzite  lies  to  the  south  a  short  distance,  nearer  tha 
of  Bear  lake. 


Hie  other  deposits  do  not  need  any  special  description.  One  is  covered  by  mining 
bwtion  W  R  93,  and  from  its  position  at  the  easterly  end  of  the  Long  Tom  properties 
naj  be  a  continuation  of  that  vein.  It  is  on  another  small  lake  on  the  east  and  west 
hne  diriding  timber  berths  137  and  138. 

Another  copper-bearing  lode  of  this  class  was  discovered  a  few  days  prior  to  my 
fiiit,  and  has  been  applied  for  as  mining  location  Y  352,  by  J.  A.  Montague  and 
UKMSJateB.  It  borders  on  the  west  shore  of  Whitefibh  lake,  which  is  about  one-quarter 
■lie  west  of  the  lower  stretch  of  Whiskey  lake,  into  which  it  empties  by  a  swi^ 
aovntain  stream.  It  is  reached  by  way  of  Whiskey  lake,  by  a  trail  starting  from  the 
omp  of  the  first  vein  mentioned,  W  R  94.  The  vein  cuts  across  a  mountain  or  high  hill, 
vhieh  rises  several  hundred  feet  above  Whitefish  lake,  the  first  exposure  being  235 
teifc  up.  It  lies  in  or  near  the  contact  btween  the  greenstone  on  the  northeast  and 
the  quartaite  on  the  southwest,  striking  approximately  N.  W.-S.  £.  The  vein  consists 
ti  a  coarsely  fractured  zone  of  the  trap  cemented  with  quartz,  with  the  chalcopyrito 
DKMtlj  in  the  latter.  The  few  uncoverings  show  a  width  of  about  ten  feet  of  vein 
■aterial.     Some  stripping  and  other  surface  work  was  done  on  it  during  the  summer. 

A  year  or  so  previous  to  my  visit  to  this  area  some  similar  copper  veins  were 
oiaoovered  and  superficially  explored  farther  south,  probably  half  way  between  the 
Station  copper  mine  and  these  Whiskey  lake  deposits,  and  reached  by  the 
road  from  Massey  Station.  This  may  indicate  a  considerably  larger  copper- 
bearing  area  than  has  so  far  been  defined. 
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NICKEL-COPPER   MINES 

^Vith  the  resumption  of  ore  reduction  in  the  new  smelter  plant  of  the  CansdiHa 
Copper  Company,  the  reopenioK  of  the  Mood  Nickel  Company's  mines  and  smelter 
ftt  Victoria  Minea,  the  exploration  by  diamond  drills  of  the  Lake  Superior  Corporation*' 
nickel  mines  prior  to  a  resumption  of  development,  and  the  opening  up  of  some  smaller 
but  new  nickel  prospects,  the  outlook  for  the  coming  year  is  very  bright  in  tha 
Sudbury  nickel  camps.  Depending  on  the  capacity  of  the  market  Co  absorb  the  pr>- 
(juct,  the  output  of  the  high-grade  matte  should  be  much  greater  in  1905  than  ever 
before.  The  Mond  Nickel  Company's  nickel  refiucry  in  Wales  has  just  been  enlargeJ 
lo  double  its  former  capacity,  so  that  there  need  be  no  cause  for  another  guspensi^n 
ot  production  at  their  Canadian  mines  and  works  for  lack  of  an  outlet  for  the  matfj. 
have  been  added  to  by  the  new  finds  of  cobalt- 
near  tiailoybury  in  the  Temiskaming  district,  although 
that  these  ores  will  be  treated  cut  of  the  Province. 
e  made  to  these  mines  in  June  and  October,   1904, 


The  nickel  ores  of  the  Proi 
nickel  arsenides  and  silver  nea 
for  a  time  the  probability 

Visits  of  inspection  v 

The  mines  of  this  area,  nickel,  copper  and  any  others,  will  shortly  hare 
within  reach  all  the  electric  energy  they  can  consume.  Besides  the  development 
tf  the  High  Falls  water  power  tor  use  by  Ulc  Canadian  Copper  Company's  mines  an.l 
works,   three   other   water  power  companies  will   shortly   have   electric  energy   for  sals. 


One  is  on  the  Wahuapitae  river  about  three  miles 
C.  P.  R.,  where  the  hea-  of  water  is  .j3  feet,  the  maxi 
amount  to  be  used  or  developed  2,.50(J.h.p.  Another 
the  Vermilion   river,  on  lots   11,  concessions  I   and   II, 


Tiiiles   due  south  of   Larchwood,  C. 
Sudbury.      The  head   of   water    hero 


P.   R. 


south   ot    Wahnapitae   statin-— 

mum  power  5,000-h,p.,  and  tha 

is    at    McPherson's     falk,   oh 

ighton  township,  about  te~ 


nain   line,   and  about  sixteen  miles   west  c_ 
teet  and   the   capacity   of  the    power   3,0n 
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h.  p.,  of  which  about  1,200-h.  p.  is  to  be  now  made  available.  The  Sudbury  Power 
Company  is  undertaking  this  work.  In  addition  to  these  two  which  are  simply  for  th«3 
sale  of  electric  power,  there  is  another  source  of  a  limited  supply  at  the  Spanish  River 
Pulp  and  Paper  Company's  pulp  mill  near  Espanola,  where  a  drop  of  60  feet  on  the 
Spanish  river  is  now  under  control  for  the  development  of  10,000-h.  p.,  and  at  some 
future  date,  as  desired,  of  the  total  capacity  of  22,000-h.  p. 

CANi^DIAN  COPPER  COMPANY 

Two  set-backs  were  encountered  by  this  company  during  the  year  by  the  burning 
down  first  of  the  Ontario  Smelting  Works  in  February,  and  in  June  of  the  West 
smelter.  By  leasing  the  plant  of  the  Mond  Nickel  Company  at  Victoria  Mines  the* 
{ roblem  of  refining  the  low  grade  matte  product  of  the  West  smelter  was  overcome. 
But  with  the  destruction  of  this  latter  plant  all  production  work  had  to  cease  until 
October,  when  the  new  smelter  commenced  operations. 

The  management  has  been  active  in  incorporating  the  most  modern  economic 
ideas  and  practices  into  all  parts  of  the  works,  and  many  changes  and  improvemenCi 
fire  noticeable  over  the  conditions  of  a  year  ago.  New  plant  is  bought  from  time 
to  time,  such  as  locomotives  and  other  rolling  stock,  roadbeds  improved,  new  lines  ^a^d 
out,  and  new  buildings  erected  at  different  points  to  increase  the  capacity  or  efficiency 
•if  the  various  parts  of  the  operations  at  mines,  roast  yards,  machine  shops,  foundry 
and  so  on,  not  forgetting  the  beautifying  of  the  town  of  Copper  Cliff  by  an  occasion.il 
coat  of  paint. 

The  only  changes  in  the  staff  are  the  appointment  of  P.  R.  Bradley  to  the  position 
of  smelter  superintendent,  and  the  resignation  of  Mr.  Baird,  and  of  Mr.  R.  Taylor 
as  smelter  foreman.  In  June  the  employees  numbered  1,082.  This  is  somewhat  reduced 
how  with  the  completion  of  the  smelter  plant. 

After  several  preliminary  trials  the  new  smelter  began  its  continuous  run  about 
the  end  of  October,  1904,  for  the  production  in  one  operation  of  high  grade  Bessemer 
matte.  The  last  Report  of  the  Bureau  contains  a  general  description  of  this  plant; 
in  detail  the  different  parts  are  as  follows:  Two  blast  furnaces,  capacity  560  tons  of 
charge  each  per  day ;  three  Bessemer  converters  in  place,  revolved  electrically ;  four 
settling  wells;  slag  pots  on  double  truck  cars;  electric  travelling  crane  to  handle  con- 
Terters  and  matte  pots;  in  the  power  house,  a  battery  of  four  water-tube  boilers  witn 
vater  purifying  system;  condenser  plant;  three  blower  engines,  one  for  the  converters 
ftnd  two  for  the  blast  furnaces;  two  electric  generators  of  250  k.  w.,  each  connectei 
to  high  speed  Corliss  valve  engines;  two  lighting  dynamos  of  75  k.  w.,  belt  driven  b^ 
hiffik  speed  Peerless  engines ;  and  many  pumps  and  other   accessory   machines. 

There  are  no  important  changes  in  the  roast  yards.  No.  3  contains  about  100 
hetps  of  various  sizes,  and  No.  1  about  65,  comprising  about  175,000  tons  of  ore,  about 
in  the  company  care  to  have  lying  idle  preparatory  to  smelting,  since  half  this 
H  sufficient  to  insure  a  steady  smelter  supply.  For  this  reason  not  many  heaps  have 
(eea  built  latterly. 

Creighton    Mine 

Mr.  Geo.  A.  Sprecher  was  in  charge  of  this  mine,  with  a  force  of  177  men  in  June 
wd  100  in  October.  The  pit  now  measures  250  feet  by  300  feet  plan,  by  the  same 
^epth  of  60  feet.  The  shaft  has  been  extended  down  to  the  second  level,  140  feet 
ceep,  with  double  skip  road  and  ladder-way ;  a  drift  runs  from  the  bottom  S.  70  feet, 
and  a  raise  from  there  to  the  pit  floor,  down  which  the  ore  is  row  in  part  stoped. 
'"is  latter  working  place  has  a  diameter  of  50  feet,  and  forms  a  pocket  for  storing 
'^'•ge  quantities  of  ore  ready  for  hoisting;.  The  output  from  the  pit  and  second  level 
Pag  averaged  about  500  tons  a  day,  with  a  maximum  of  nearly  1,000  tons  a  day.  The 
"^rfr^ce  Ts  beine  stripped  to  the  S.  and  S.  E.,  preparatory  to  the  extension  of  the  pit 
*°  that  direction. 
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The  minini;  plant  is  the  same  except  thttt  a  new  double  drum  five-ton  hrart  hu 
icpUced  the  former  one.  A  fine  manager's  dwelling  haR  been  built  in  addition  to  tereril 
other  dwellings  for  the  employees. 


Creiglitoii  iiifkcl  mine,  lookiiij;  south. 


This  is  the  only  mine  belonging  to  the  company  irhich  is  non-  producing  nickel  or* 
sll  the  remaining  working  ones  having  been  closed  during  the  summer  and  allowed  ^ 
Gil  with  water.  The  (.'reighton  has  such  immense  reserves  of  high-grade,  cheaply  minC 
tre  that  it  will  be  unnecessary  to  operat*  the  other  properties,  probably  for  many  ye* 


Copper   Cliff    Mine 

Towards  the  last,  the  output  of  this  mino  amounted  to  only  80  tons'of  ore  a  da 
which  though  unusually  rich  did  not  compensate,  the  company  stat«,  for  the  expeni 
entailed  in  the  operation  of  such  a  deep  mine,  and  in  August  1904,  the  pumps  and  oth 
machinery  were  raised,  and  the  mine  permitted  to  fill  with  water. 

The  last  new  work  consisted  in  re-opening  the  bottom  of  the  old  big  stope  on  t 
thirteenth  level,  and  breaking  down  considerable  ore  from  the  sides  and  far  fa. 
Nothing  worth  while  now  remains  there.  After  sloping  out  all  the  ore  about  the  wir 
fvMn  the  thirteenth  to  the  fourteenth  levels  to  a  siie  of  10  feet  width  by  40  feet  lengl 
the  same  winie  and  then  the  stope  were  continued  down  about  75  feet  deeper,  the  slo 
here  being  somewhat  wider,  but  of  the  same  length.  The  continued  nickel-copper  conte 
of  this  ore  ranged  from   ten  to  twelve  per  cent.,   mainly   copper. 
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Vermilion  and   Krean   Hill  Mines 

In  January  1904,  the  Vermilion  mine  was  re-opened  by  the  Canadian  Copper 
pany,  who  now  have  the  controlling  interest.     It  was  originally  known  as  a  goM 

platinum  deposit,  and  a  small  stamp  mill,  now  entirely  gone,  was  erected  to  treat 
ore.  But  after  passing  through  the  few  feet  of  weathered  surface  or  gossan,  into 
unaltered  sulphides,  no  more  free  precious  minerals  were  found,  and  so  the  venture 
linated.    It  has  always  been  known  as  a  remarkably  rich  nickel  deposit,  though  small 

Irregular,  and  the  present  development  is  for  furth/er  exploration  only.  A  small 
ing  plant  consisting  of  a  three-drill  air-compressor,  60-h.p.  boiler,  small  hoist  engine 
pump  was  set  tip  to  facilitate  the  work.  The  old  camp  has  again  been  made  use  of. 
The  workings  comprise  several  small  open  cuts  and  one  large  one  8  feet  wide  by  50 

long  £.  and  W.,  by  12  feet  deep.  Out  of  the  centre  of  this  a  shaft  Las  been  sunk 
eet  deep,  vertical,  and  7  by  7  feet  in  size,  and  from  the  bottom  drifts  run  S.  E. 
ling  £.,  80  feet;  and  Wl.  60  feet.     At  80  feet  S.  E.  of  this  shaft  is  another  old  one, 

full  of  water,  but  reported  to  be  60  feet  deep.  The  ore  lies  in  an  irregular  contact 
Teen  quartzite  or  arkose  on  the  S.  and  S.  E.  side,  and  schists  and  greenstones  on  the 
&nd  N.  W.  side,  occasionally  extending  into  th^e  latter,  in  lenticular  pockets  and 
igers  more  or  less  connected  and  continuous,  in  widths  varying  qu'ckly  from  a  few 
es  all  the  way  to  eight  feet.  Two  diamond  drill  holes  were  bored  near  the  old  shaft. 
This  mine  is  reached  by  a  two  and  a  half  mile  road  from  Victoria  Mines.    About 

way  in  it  branches  off  to  the  Krean  Hill  property  about  one  and  one  quarter  mile 
tier  north,  where  the  company  have  four  minors  doing  a  little  prospecting  on  a  deposit 
ickcl  sulphide  ore  somewhat  similar  to  the  Vermilion. 
Other  mention  of  these  deposits  will  be  found  in  Reports  of  the  Bureau  of  Mine>j 

IV,  p.  36;  Vol.  VII,  pp.  142-3;  Vol.  XII,  p.  272. 

Huronian  Company 

The  International  Nickel  Company  have  formed  another  subsidiary  company  under 
above  name  to  develop  the  water  power  at  High  falls  on  the  Spanish  river,  for  the 
)ose  of  transmitting  electric  energy  to  the  mines  and  works  of  the  Canadian  Copper 
pany  at  Copper  Cliff.  High  falls  is  situated  about  four  miles  north  of  the  Canadian 
ific  Railway,  Sault  Branch,  af  Nairn,  and  about  twenty-six  miles  southwesterly  from 
3er  Cliff.  Instead  of  cutting  a  right  of  way  for  the  pole  line  the  latter  will  be  put  up 
g  the  v^anadian  Pacific  railway  tracks  to  Copper  Cliff.  The  river  at  the  falls  breaks 
nto  several  channels  over  a  dike  of  greenstone,  and  necessitates  an  unusual  amount 
am  building.    Two  large  dams  will  confine  the  stream  into  the  head  race,  the  rocky 

forming  thiS  other  sides.  Four  smaller  dams  will  close  up  other  channels  and  a 
nth  in  the  west  channel  will  take  the  overflow  and  be  provided  with  a  log  chute. 
*e  will  also  be  a  heavy  bulkhead  at  the  end  of  thB  head  race  above  the  power  house. 
1  which  four   nine-foot  diameter  steel  penstocks  will  descend  at  an   incline  of  8o 

in  200.  All  dam  work  is  to  be  concrete.  The  present  drop  is  67  feet,  but  when 
3d  by  the  damming  a  head  of  85  feet  will  be  attained  at  which  it  is  estimated  the 
I  power  will  be  22,000-h.  p.  About  one-half  of  this,  or  11,000-h.p.,  will  be  trans- 
led  into  electric  energy  by  the  present  development,  and  the  plant  arranged  for 
utilization  of  the  rest  on  short  notice.  A  four-mile  line  of  railroad  was  first  of 
in  the  spring  of  1904)  constructed  from  the  Canadian  Pacific  railway  tracks  at 
new  station  Turbine  in  to  th/e  falls. 

Messrs.  Ross  &  Holgate,  engineers,  have  charge  of  the  work,  and  Mr.  Geo.  Revell 
)8ident  engineer.  The  force  of  workers  niunber  300,  for  whom  a  large  number  of 
Uings  have  been  erected.  It  is  expected  the  power  will  be  ready  for  use  by  the  end 
905. 

VICTORIA  MINE 

During  the  year  since  last  inspection  the  mine  remained  closed.  A  few  days  prior 
ay  visit  of  26th  October    1904,  un  water  ing  was  commenced,  the  intention  being  to 
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resume  ore  raising  as  soon  as  possible  and  fill  the  roast  yard  so  that  by  spring  smelt- 
ing might  again  begin.  The  smelter  plant  has  not  been  idle  long,  however,  being 
used  under  lease  from  February  to  July  by  the  Canadian  Copper  Company,  for  raising 
their  low  grade  matte  to  a  high  grade  product,  and  also  for  a  short  time  making  smeltsr 
tests  in  the  Massey  Station  mine  copper  ore.  No  changes  of  importance  have  been 
made  in  the  plant. 

Mr.  H.  W.  Hixon  has  returned  to  take  charge  again,  and  informs  me  that  Dr- 
Mond's  nickel  refining  works  in  Wales  aave  just  been  doubled  in  capacity.     This  will 
allow  of  immediate  treatment  of  all  matte  the  Victoria  plant  can  turn   out. 

The  Mond  Nickel  Company  has  continued  mining  at  the  North  Star,  which  min.^ 
was  under  lease  to  it,  and  has  had  all  the  ore  shipped  to  the  Victoria  smelter  yard0» 
where  it  is  stocked  to  the  amount  of  about  15,000  tons.     It  is  to  be  smelted  now. 

North  Star  Mine 

Inspections  were  made  of  this  mine  in  June  and  October  1904,  and  it  was  fouzLcl 
still  working  under  lease  to  the  Mond  Nickel  Company,  with  Mr.  C.  V.  Corless  ■  xi 
charge,  and  a  force  of  from  forty  to  forty-eight.  An  average  of  100  tons  of  ore  "i-^ 
raised  per  day,  and  immediately  shipped  by  rail  to  thte  Victoria  mine  smeltec- 
The  above  lease  has  until  December  to  run.  The  open  pit  or  trench  on  thje  ore  bocJ.'y 
has  been  deepened  to  175  feet  by  means  of  a  shaft  down  its  centre  for  the  first  lOO 
feet  and  between  pillars  for  the  remaining  75  feet.  From  the  bottom  of  the  shaft  shox^t 
drifts  through  these  pillars  lead  into  the  stopes  on  either  side.  The  E.  stope  exten€-ls 
80  feet  from  the  shaft  and  up  to  the  surface  10  feet  to  15  feet  wide;  and  the  W  stop^» 
120  feet  from  the  shaft  and  up  to  the  surface,  but  higher  up  not  more  than  100  fe^t 
in  length,  and  from  10  feet  to  20  feet  wide.  Both  E.  and  W.  faces  have  reached  tkitj 
end  of  the  workable  ore.  To  determine  whether  or  not  it  extends  down  to  greater 
depths  in  sufficient  widths  a  number  of  diamond  drill  holes  are  being  bored. 

EVANS  NO.  2  MINE 

This  nickel  prospect  had  a  little  surface  work  done  on  i€  a  few  years  ago,  and  now 
is    undergoing    somewhat   more  extensive    development.      It    consists   of   the    followiug 
parts   of  lot   7,    in  the  third   concession    of  Snider    township,   aggregating   100  acres: 
N.  W.  J  of  S.   E.   J;  N.   E.   J  of  S.  W.  i ;  S.   W.   J  of  N.  E.   i ;  and  the   8.   E.  ani 
S.   W.   quarters  of   N.    W.    i.     The   Manitoulin    and  North   Shore   railway  cuts  acrow 
the  N.  W.  corner  of  die  lot,  at  8i  miles  west  of  Sudbury,  and  three-quarters  of  a  mile 
east  of  the  North  Star  mine.     J.   W.   Evans  of  Deseronto,  Ont.,   is  owner,  and  J.  ^• 
Baycroft,   superintendent.      The   employees    number  four.      This   last  work  commenced 
in   Augnst    1904,   when   a   small  camp   was  erected.      A   shaft  has   since   been  sunk  2-J 
feet  deep,   with  a  five  foot  crosscut  at  the  bottom  on  a  small   but  fairly  well  defined 
zone  of  m'xed  ore  in  gabbro. 


IRON  PYRITES  AND  ARSENIC 


Steep  Rock  Lake  > 


During  the  exploration  with  diamond  drill  and  otherwise  for  iron  ore  in  tha 
vicinity  of  Steep  Rock  lake,  Western  Ontario,  by  Messrs.  Mackenzie,  Mann  sn^ 
Company,  a  valuable  vein  of  iron  pyrites  was  discovered.  This  happened  towards 
the  end  of  1903,  and  furtlier  work  on  it  extended  into  1904,  but  no  ore  raising  hw 
yet  been  undertaken.  The  locations  on  which  it  lies  are  A  L  460  and  461  on  ^^ 
west  side  of  the  west  arm  of  Steep  Rock  lake,  and  adjoining  these  A  L  472-34  and 
462  have  also  been  acquired.  Five  diamond  drill  holes  were  sunk  within  a  distant 
of  1,200  feet,    showing   that   below   the   badly  weathered    and    indeterminable  surface 


.,r- 
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ations  an  almost  clean  vein  of  iron  pyrites  exists,  having  widths  from  south  co 

1  (its  direction  of  strike)  of  6,  9,   13,  21  and  upwards  of  12  feet.     The  pyrites 

sand-like  in   the  last  hole,  caving   in  on   the  drill  rods  to  such   an  extent  that 

ng  had  to  be  stopped.     The  widest   places  held  the  cleanest  ore,   although   all, 

ding  to  Mr.  J.  A.  Wood,  the  superintendent,  is  of  shipping  grade. 

)evelopment  to  the  productive  state  has  been  postponed;   and   in  the  meantime 

orations  of  a  similar  nature  are  being  conducted  at  other  points  on  the  lake  for 

ler  deposits. 

rhe  vein  of  pyrites  appears  to  follow  a  fault  plane  in  the  ligEt  colored  chloritic 

ts  of  the  area,  which  badly  squeezed  and  alterated  portion    of    the  rock  it    has 

ced. 

Another  party  of  prospectors  was  conducting  explorations  for  iron  or  iron  pyrites 

he  same  neighborhood,    but  had    not    found  anything    at  the  time  of    my   visit, 

>er    1904. 

James  Lake 

Vlining  locations  W  S  404  and  405,  109  acres  in  area,  are  situated  a  short  dis- 
)  west  of  the  Temiskaming  and  Northern  Ontario  railway,  at  Rib  lake  siding, 
miles  north  of  lake  Temagami,  and  bordering  on  James  lake.  They  are  owned 
lajbr  R.  G.  Leckie,  Sudbury,  and  have  been  under  development  by  him  for  the 
year  or  so,  for  a  deposit  of  iron  pyrites.  A  small  camp  has  been  erected  on  ihe 
)  of  James  lake  to  house  the  force  of  five  to  edght  men. 

rhe  ore  consists  of  a  fairly  clean  body  of  pyrrhotite  on  one  side  and  iron  pyrites 
he  other,  across  a  total  width  of  forty  feet,  and  apparently  lies  in  a  contact 
een  hornblende  granite  on  the  northwest  and  green  schist  on  the  southeast  side 
a  strike  northeast-southwest.  So  little  rock  is  exposed  on  account  of  the  uniform 
*ing  of  soil  and  moss,  that  a  more  complete  idea  of  the  general .  geology  of  tne 
ions  could  not  readily  be  obtained.  By  means  of  a  24-foot  shaft  and  several 
and  open  cuts  the  ore  body  has  been  explored  for  a  distance  of  400  feet.  One 
•lete  cross-section,  beginning  on  the  southeast  side,  shows  5  feet  of  clean  pyrites, 
!t  of  rock  more  or  less  highly  mineralized,  12  feet  of  i.lean  pyrites,  and  finally 
t  15  feet  of  pyrrhotite,  which  is  probably  a  fair  average  of  the  amount  of  each 
le  body.  The  iron  pyrites  are  said  to  assay  from  48  to  50  per  cent,  sulphur, 
traces  only  of  gold.     The  pyrrhotite  is  not  thought  to  be  of  value  since  it  carries 

from  $1.00  to   $2.00  per  ton   gold,  about  0.5  per  cent,  copper,    and  from  1  to 
»er  cent,  nickel. 
Viajor   Leckie  expects  to  build  additional   camps   and   mine   houses,   increase   his 

and  ship  ore  during  the  coming  season.  The  proximity  (one-quarter  mile)  t> 
railway  will  allow  of  very  cheap  transportation,  a  necessity  to  the  mining  of 
pyrites. 

Arsenic  Lake 

-iocations  W  S  13  and  14  are  also  owned     by  Major  J:t.  G.  Leckie,  who    has    had 

under  development  for   a   year   or  more,    with   a  force  of   about  seven   miners. 

lie  on   a  small  pond   known  as   Arsenic   lake,  which   is   one  and  one-half   miles 

)ad  northwest  of  mile  post  74  on  the  Temiskaming  and  Northern  Ontario  railway 

tniles  north  of  Temagami.     So  far  tents  have  sufficed,  but  a  substantial  log  camp 

be  built  at  once.     The  ore  found  here  is  mispickel — arsenical  pyrites — filling   a 

p  zone  about  8  feet  wide  in  the  green  schist  of  the  area.     Two  solid,   clean  bands 

e,  aggregating  three  to  four  feet  in  width  lie  on  each  side  of  a  central  lower  grade 

what  wider  portion,    having    a  strike   about   south-southwest   by    north-northeast. 

ore  will   probably  be    sorted    into    two    grades    when    mined,    on    account  of  its 

;ular   outline   and   composition,    the   greatest    width  of   solid   ore    so    far  explorad 

I  only  3  feet,  whereas  a   safe   average  of  the  whole   merchantable  body    is  about 

it.     The  clean  ore  carries,  according  to  assay,  $16.63  per  ton  gold  and  silver,  and 
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80  per  cent  Arsenic,  and  tbe  Becond  grade  not  OT«r  10  per  cent  arsenic.  Copper  ud 
Iron  pyrites  are  also  present,  tbe  peroentafa  of  copper  running  from  0.6  to  1.5  per  cent. 
Stripping  with  open  cuts  hSs  laid  bare  a  length  of  60  feet  bj  a  width,  of  30  feet  sloag 
the  ore  bod;. 

The  number  of  arsenic  depcnita  already  discovered  and  opened  up  in  thia  in- 
mediate  area  may  warrant  the  erection  of  an  arsenic  refinery  in  their  midit.  On 
this  same  road,  but  much  nearer  to  the  railway,  lies  the  Big  Dan  arsenic  locstiou, 
fnund  a  number  of  years  ago,  but  only  this  year  explored  to  any  extent. 


CORUNDUM 

Canada  Corundum  Company 

With  the  gradual  adjustment  of  the  new  mill  to  the  ore  and  mining  conditiau, 
the  scale  of  operations  Iiab  increased  at  all  points.  Quarries  appear  to  almost  covet 
a  very  large  portion  of  the  hillside  in  which  the  ore  occurs,  and  the  mill  concentrates 
now   nearly   200   tons  of  ore  a   day,   with   a   corresponding   output   of   10  to   12  tons  O* 


Canada  Corundum  Company,  view  of  corundai 


corundum.  Certain  modifications,  such  as  curtailment,  alteration  or  increment  o 
various  parts  of  the  process  and  plant  have  been  found  advisable  in  the  interest  o 
increased  economy  and  capacity,  but  other  than  this  the  plant  and  operations  remai'* 
practically  the  same  aa  at  last  inspection.  Mr.  D.  G.  Kerr  is  manager,  emplojinf 
a   force  of  from   135  to  140   men. 

A  number  of  new  buildings  have  been  erected   near  the  mill,   including  office  and 
analytical   laboratory,   and  in   the  fiat  opposite   a  small  hamlet  of   workmen's  cottag** 
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I  sprung  up,  tlie   old    camps    being    incoDTententl;    diitant    now  that  all  work   •» 
ifined  to  this  one  locality. 

It  is  «xpect«d  with  this  complete  system  and  plant  that  grain  corundum  of  suiii 
'ity  will  be  uniformly  produced  as  to  insure  a  steadily  increasing  demand.     There 


Caoads  Corundum  Company's  mill. 

id  ba  no  donbt  about  a  constant  supply  for  a  long  time  to  ccnne,  if  not  indefinitely, 
(  it  requires  time  for  the  trade  to  appreciate  this  superior  but  somewhat  more 
pauiTe  abrasive. 

Ontario  Corundum  Company 

This  company    was   unfortunate   enough   last  spring   to  suffer   the   destruction    of 

•  a**  mill  by  fire.  But  with  unquenched  energy  plans  were  immediately  prepared 
1  another  and  better  plant,  and  at  the  time  of  my  inspertioTi,  20th  September  1901, 
lit  was  nearing  completion.  A  different  process  is  to  be  employed,  namely,  dr^ 
niMiitration  throughout.  The  two  main  buildings  are  the  boiler  house  and  mill. 
S  the  former  a  125-h.  p.  boiler  is  installed  to  do  all  the  drying  by  steam  as  well 
^tonin  tha  plant.     The  plant  comprises  five  Blake  crushers,  one  9    by  15  inches,  two 

^  10  inchee,  and  two  4  by  10  inches;  two  "lightning"  (impact)  crushers  or  pulver- 
"w<;  two  rolU;  dividers;  magnetic  separator — the  Noble;  seven  Hooper  pneumatic 
If:  a  dryer;   a  75-h.   p.  horizontal  engine  and   electric   lighting   plant.     The  ore   will 

*  dried  immediately  on  arrival  from  the  mine  and  will  remain  dry  thereafter. 

Mining  is  confined  to  the  same  quarry,   but   from  now  out  sorting   will  not  form 
'^  unportant  a  part  of  this  work,  since  most,  if  not  all,  of  the  ore  will  be  concentrated. 
A  force  of  twenty  men  is  employed   under  superintendent  W.  Mackie. 


MINES  OF  EASTERN   ONTARIO 

BY  E.  T.  CORKILL 

GOLD  MINES 

The  production  of  gold  in  'eastern  Ontario  in  1904  amounted  practically  in 
ii'ithing,  altlu>ugh  a  number  of  gold  properties  were  under  development.  The  Belmont 
mine,  which  ceased  operations  in  190d»  has  not  as  yet  been  re-opened.  It  is  very  unfor- 
tunate that  a  mine  which  gave  such  promise  as  the  Belmont  should  be  allowed  to  li^ 
idle.  Financial  men  still  have  faith  in  the  gold  mines  of  this  section ,  since  two  ner 
mills  were  erected  durng  1904,  and  additional  companies  are  being  formed  for  the 
purpose  of  developing  in  this  district.  One  thing,  however,  is  to  be  regretted,  and 
this  has  been  pointed  out  in  former  reports,  namely,  the  large  sums  of  money  spent 
on  the  surface  in  the  erection  of  stamp  mills,  and  installation  of  expensive  machinery, 
wLen  little  or  no  development  work  has  been  done  to  prove  the  extent  of  the  ore  body. 
This  cannot  be  wholly  blamed  on  the  managers,  as  the  stockholders  think  that 
dividends  should  begin  to  come  in  as  soon  as  work  is  commenced. 

Craig  Qold  Mine 

The  Craig  property,  owned  and  operated  by  the  Craig  Gold  Mining  and  Reduc- 
tion Company  of  Newark,  N.  J.,  comprises  the  south  half  of  lots  4  and  5  in  the  third 
concession  of  the  township  of  Tudor.  It  was  first  opened  some  years  ago,  and  m 
1896  a  shaft  was  sunk  on  it  to  a  depth  of  100  feet.  It  was  re-opened  in  1904,  anl 
active  mining  work  begun  under  the  management  of  W.   A.  Hungerford. 

Two  shafts  have  been  sunk  at  a  distance  of  about  400  feet  apart,  the  south  shaft 
to  a  depth  of  110  feet.  At  a  depth  of  60  feet  a  level  has  been  run,  the  north  drift 
being  280  feet  and  the  south  drift  40  feet  in  length.  Stoping  is  carried  on  ia 
both  drifts.     In  the  north  shaft,  which  has  been  sunk  to  a  depth  of  110  feet,  a  driit 

has  been  run  south  a  distance  of  80  feet  from  the  60-foot  level. 

A  Rand  compressor  plant,  two  8U-h.  p.  boilers  and  double  drum  hoist  to  hoiit 
from  two  shafts  have  been  installed.  Two  shaft  houses  have  been  built  with  ore  biw 
complete,  also  blacksmith,  shop,  store  house,  boarding  house  for  75  men  and  offic*. 
A  new  mill  80  by  32  feet  was  erected  in  1904,  and  a  Merrall  3-stamp  battery,  trip'e 
discharge,  was  installed.  This  is  the  first  mill  of  this  pattern  erected  in  Canada,  and 
a  large  tonnage  is  claimed  for  it.     The  present  capacity  is  about  17  tons  per  day. 

A  force  of  forty-seven  men  is  employed. 

The  Pearce  property  owned  by  the  Cleveland  Mining  Company  was  worked  for 
some  months  in  1904. 

The  shaft  is  sunk  to  a  depth  of  185  feet.     Levels  were  establisLed  at  60  feet  and 
100   feet,  and  320  feet  of  drifting   was  done.     The  air  was  supplied  from  the  Mi^ 
Arsenic  Company's  works,  which  are  one  mile  distant.    The  mine  was  not  in  opentio^ 
at  the  time  of  my  visit,  but  Mr.  W.  A.   Hungerford,  manager,  supplied  me  with  the 
above  information. 

Star  of  the  East  Mine 

This  mine,  owned   by  the  Star  of  the  East   Gold  Mining  and  Milling  Compan.?, 
i?  situated  on   lot  24   in   the  tenth  concession  of  Barrie  township,  Frontenac  connty,   1^ 
and  was  in   ooeration  during  the  whole  of  1904.  It, 

[7r>]  L 


Mines  of  Eastern  Ontario  77 


o  veins  on  this  property  running  parallel,  about  60  feet  apart,  in 
ester ly  direction.  On  the  south  vein  three  openings  have  been  made, 
lich  is  about  30  feet  in  depth.  On  the  north  vein  a  shaft  180  feet 
ik.  The  shaft  is  18  feet  by  11  feet,  solidly  cribbed  for  25  feet,  and 
re  depth.  The  first  level  is  at  a  depth  of  80  feet,  from  which  drifts 
50  feet  east  and  west.  No'  stoping  has  yet  been  done.  Hoisting 
B  of  a  bucket  operated  by  a  duplex  cylinder  hoist,  24-inch  drum, 
p.  capacity  supplies  power  to  the  hoist  and  to  the  drill.  The  mill, 
icted  in  1904,  is  situated  about  one-quarter  of  a  mile  from  the  mine, 
'y  was  installed  during  the  past  winter,  and  now  handles  tlLe  output 
)  ore  is  first  crushed  to  one  inch  and  smaller  and  fed  into  the  stamps 

ed  so  as  to  pass  through  a  60-mesh  screen.  After  passing  over  the 
lasses  on  to  a  Wilfley  table.     The  concentrates,  which  consist  chiefly 

little  magnetic  iron,  are  saved  for  future  treatment.      A  magazine 
th  tin  roof,  boarding  house  offices,  stables  and  some  houses  for  men 

:ur  in  crystalline  limestone  from  four  to  six  feet  in  width,  dipping 
i  to  the  south.  Lenticular  massess  of  quartz  occur  in  the  vein 
^yrite,  magnetite,  actinolite,  calcite  and  zincblende  (not  common), 
muthinite  have  also  been  found  in  the  vein.  The  enriched  zone  if 
)ur  feet  from  the  hanging  wall. 
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Radnor  Mine 

mine,  owned  by  the  Canada  Iron  Furnace  Company,  was  the  chief 
in  the  eastern  part  of  the  Province.  About  2,500  tons  of  ore  was 
the  winter  to  the  company ^s  furnace  at  Radnor  Forges,  Quebec 
1  mining  being  done  from  open  pits,  the  difficulties  met  with  during 
considerable.  As  a  consequence,  only  one  pit  was  being  worked  at 
inspection    in    February,    1905.        This    pit    is    called    No.   7,  and   'S 

northwest  of  No.  8.  These  open  pits  are  in  a  semi-circular  form  from 
beginning  at  No.  7,  which  is  the  most  northerly,  and  following  in 
5,  6,  1,  2  and  3.  These  pits  show  that  the  deposit  has  a  uniform 
ees  to  the  southwest.  No.  8  pit  was  worked  during  1904,  but  closed 
or  reasons  mentioned  above, 
lling  was  carried  on  by  the  company  in  1904,  holes  being  put  down 

openings  and  the  deposit  found  to  be  quite  uniform  with  depth. 
>w  being  worked  is  40  feet  long,  30  feet  wide  and  15  feet  deep.     The 
grained   magnetite   interlaminated  with   gneiss.      Before  shipping,   it 
^o  grades:    (1)  middlings,   carrying  about  30  per  cent,   iron;   (2)  goo-l 
Jut  50  per  cent.   iron. 

shown  that  the  low-grade  ore   could  be   concentrated    by    means  of 
bors.      If   this   method   should   prove  a   success   commercially,  a  great 
hich  at  present  is  worthless  could  be  made  marketable, 
bwenty-five  men  was  employed   under  superintendent  D.   J.   McCuan. 

Mineral  Range  Iron  Company 

ies  belonging  to  the  Mineral  Range  Iron  Mining  Company,  which 
lite  fully  in  the  Eleventh  Report  of  the  Bureau,  were  not  worked  to 
ig  the  past  year.  The  success  of  the  properties  depends  on  the  railway 
ans  of  transportation  being  provided.   Mr.  H.  C.  Farnum,  the  manager 
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of  the  company,  is  now  endeavoring  to  have  a  railroad  built  from  L'Amable  station 
on  the  Central  Ontario  railway  to  Barry^s  Bay  station  on  the  Canada  Atlantic 
railway.  This  road,  if  built,  would  furnish  transportation  for  both  the  iron  of 
Hastings  county  and  the  corundum  of  Renfrew  county. 

The  Mineral   Range   Iron  Mining  C<xnpany   have  done  a  great   deal   of  work  in 

stripping  and  proving  their  properties,  and  claim  to  be  able  to  ship  1,000  tons  of  ore 

per  day  as  soon  as  they  are  afforded  means  of  outlet.     Numerous  assays  of  the  ore 

show  the  ore  to  contain  from  50  to  60  per  cent,  iron,  from  .01  to  a  trace  of  sulphur, 

and  a  trace  of  phosphorus. 

Experiments  have  been  made  upon  the  ore  from  the  Ledyard  iron  mine  at  Bel- 
mont with  a  view  to  reducing  the  sulphur  contents  by  magnetic  separation.  Very 
satisfactory  results  were  obtained,  the  sulphur  content  being  lowered  to  one-tenth 
of  one  per  cent. 

In  the  vicinity  of  lake  Temagami  some  diamond  drilling  was  done  in  1904  to 
explore  the  iron  ranges  of  that  district.  Owing  to  difficulties  encountered  progress 
was  very  slow,  and  but  little  development  was  accomplished.  It  is  expected,  however, 
that  further  work  will  be  done  during  the  coming  season. 


IRON  PYRITES 

A  greater  interest  is  being  taken  in  the  development  of  the  iron  pyrites  properties 
of  eastern  Ontario.  The  production  of  this  mineral  here  dates  back  to  the  year  1900, 
when  ore  was  shipped  to  the  Nicholls  Chemical  Works,  to  be  used  in  the  manufacture 
of  sulphuric  acid.  Since  that  time  the  production  has  steadily  increased,  resulting  m 
the  discovery  and  development  of  new  bodies  of  ore  ,and  interesting  other  capita' 
in  the  development  of  this  industry. 

American  Madoc  Mining  Company 

The  property  known  as  the  Jarman  Pyrites  mine,  about  one  mile  southeast  of 
Bannockburn,  was  worked  continuously  during  1904.  At  the  time  of  inspection  the 
employees  numbered  forty,  A.  F.  Rising  being  superintendent.  The  shaft  ha* 
leached  a  depth  of  190  feet  (an  increase  of  15  feet  since  last  inspection.)  The  ore 
has  been  stoped  down  to  the  third  level,  below  which  all  wort  is  now  being  carried 
on.  The  north  drift  on  the  third  level,  which  is  at  a  depth  of  175  feet,  is  175  fe®- 
ii:  length,  and  the  south  drift  90  feet.  A  10-foot  pillar  is  being  left  in  the  floor  of 
the  third  level  north  drift,  and  st oping  and  sinking  is  being  carried  on  simultaneously 
below  this  level.  Dams  have  been  constructed  on  the  third  level,  in  order  to  catch 
all  the  water  from  the  upper  workings,  and  a  Cameron  sinking  pump  installe^l* 
Hoisting  with   bucket   has  recently  replaced  hoisting  with    the   skip. 

Another  property  situated  on  lot  23  in  the  twelfth  concession  of  the  townshi? 
o!  Hungerford,  about  one-quarter  mile  from  the  C.  P.  R.  and  near  the  village  of 
Bogart,  was  worked  by  this  company  for  some  months  during  1904.  The  development 
work  has  shown  up  a  large  body  of  ore.  The  vein  runs  a  little  north  of  east  ^^^ 
dips  to  the  south. 

The  depth  of  the  main  shaft  on  the  vein  is  160  feet.  At  the  100-foot  level  tutf 
cast  drift  is  run  40  feet  and  the  west  35  feet.  From  the  west  drift  a  crosscut  ha* 
been  run  north  a  distance  of  100  feet,  cutting  several  veins  of  pyrites.  The  two  widest 
veins  average  10  feet  each  of  marketable  ore. 

A  complete  plant,  consisting  of  air-compressor,  boiler,  hoist  and  rock  house,  ^ 
being  put  in,  and  preparations  are  being  made  for  extensive  mining  iterations. 
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Britisli  American  Pyrites  Company 

The  British  American  Pyrites  Company^  Limited,  of  Toronto,  commenced  de- 
lopment  work  on  lot  11  in  the  eleventh  concession  of  the  township  of  Madoc  on  the 
Bt  of  October,  1904.  A  force  of  nine  men  is  employed  under  superintendent  £.  L, 
aleck. 

Considerable  stripping  and  crosscutting  was  done,   and  a  shaft  7  by  12  feet  has 

en  sunk  to  a  depth  of  60  feet,  all  in  ore.     The  pyrites  is  very  high  grade,   some 

mples  running  as  high  as  50  per  cent,  in  sulphur ;  an  average  of  about  *48  per  cent. 

maintained  by  sorting  out  the  wall  rock.     A  well  defined  fahlband  is  here  traceable 

•r  a  mile.     The  diorite  appears  altered  on  the  surface  to  talc  and  chlorite  schists. 


LEAD  MiNES 

Hollandia  Mine 

The  lead  mine  owned  by  the  Ontario  Mining  and  Smelting  Company,  and  formerly 
Qown  as  the  Hollandia  lead  mine,  was  actively  worked  during  1904.  A  circular 
ater-jacketted  blast  furnace  was  installed  and  two  carloads  of  pig  lead  produced, 
^nsiderable  work  was  done  on  the  surface  during  the  past  summer  in  stripping, 
'ovirg  the  vein  to  outcrop  for  at  least  2,600  feet.  All  mining  work  is  now  being 
rried  on  from  No.  1  shaft,  which  is  vertical,  and  has  a  depth  of  100  feet,  with 
ifts  run  for  a  distance  of  25  feet  along  the  vein  from  the  shaft.  Nos.  2  and  3  shafts 
&re  also  worked  during  the  year  and  some  stoping  done.  The  galena  is  here  found 
>  veins  associated  with  calcite  in  a  dark  colored  schistose  rock  which  may  be  called 
diorite  gneiss.     The  veins  cross  the  strike  of  the  country  rock. 

The  force  consisted  of  fifteen  men  under  superintendent  H.  F.  E.  Gamm.  Mr. 
anim  has  recently  been  succeeded  by  Mr.  Cushman  as  manager,  with  Mr.  Ellis  a^ 
iperintendent. 

Frontenac  Mine 

Further  work  was  done  on  the  Frontenac  lead  mine  in  1904.  This  property  is 
'ftrt  of  lots  15  and  16  in  the  ninth  concession  of  Loughboro  township,  and  is  described 
&  the  Geological  Survey  report,  1866-69.  One  opening  40  feet  deep  has  been  made 
Ad  about  500  tons  of  the  mixed  ore  (galena  and  zincblende)  raised.  The  vein  is 
^bout  11  feet  in  width,  and  maintains  its  width  as  far  as  developed. 

A  mill  test  of  this  ore  was  made  at  the  Kingston  School  of  Mining,  showing 
t  saving  of  70  to  80  per  cent,  of  the  lead  in  the  ore  with  ooarse  crushing.  As  shown 
by  the  report  on  this  test,  the  ore  carries  from  5  to  10  per  cent,  of  lead  and  2  to  4 
P«r  cent,  of  zinc.  The  concentration  is  best  done  by  crushing  in  rolls,  then  passing 
^▼er  the  jigs  to  get  rid  of  the  tailings.  The  jig  concentrates  run  over  60  per  cent, 
l^  and  are  high  enough  in  lead  for  shipment.  What  goes  through  the  jig  screens 
(12-me6h  or  under)  can  be  passed  over  the  Wilfley  table  with  a  fair  separation  of  the 
Kftlena,  and  these  two  operations  will  save  from  70  to  80  per  cent,  of  the  lead  in  th^ 
^^,  A  greater  saving  might  be  made,  but  it  is  doubtful  whether  it  would  not  cost 
>&ore  than  it  is  worth  in  labor  and  equipment.  The  ore  contains  but  very  little 
**lver,  not  more  than  one  or  two  ounces  per  ton. 


ZINC  MINES 

The  Richardson  zinc  mine,  on  which  development  work  has  been  being  done  for 
^e  last  three  or  four  years,  has  now  reached  a  depth  of  109  feet.  A  new  vertical  shaft 
^  being  sunk  at  a  point  250  feet  west  of  the  old  shaft.     This  is  now  down  65  fe«^t 
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iTith.  2  to  3  feft  of  ore  in  the  bottom.     A  shaft  house  has  been  erected  and  boilc 
rod  straight-line  air-compressor  installed.     A  concentrating  mill  i*  also  being  buill 


the  machinery   c 
Tiected  that  all  b 


levant   crusher,    rolls,   jigs    and   tables. 
I  position  by  July.  1905. 


COPPER  MINES 

The  discoi'ery  of  copper  pyrites  in  the  Coe  iron  mine  near  Eldorado  statii 
Hastings  county  was  referred  to  in  the  last  Report  of  the  Bureau.  Am  ■> 
discovered  the  mine  was  leased  under  option  to  the  Medina  Gold  Mining  Cor 
Col.  Saunders,  president,  who  were  under  contract  to  sink  50  feet  on  the 
Work  has  steadily  progressed  and  the  shaft  is  now  down  about  50  feet.  A  c 
was   run   at  a  depth   of   about  30  feet,  showing  a  good   width  of   vein. 

The  copper  pyrites  when  first  discovered  occurred  in  a  vein  a  few  inches  i) 
Hi  the  hematite.  This  vein  widened  as  sinking  progressed,  developing  a  lead 
siderable  width.  Copper  stain  bad  previously  been  notii^ed  when  the  mine  wat 
for  the  iron,  and  a  small  piece  of  native  copper  was  found  near  the  surfar 
deposit.  The  ore  is  high  grade,  due  no  doubt  to  a  secondary  enrichment 
leaching  out  of  the  copper  from  the  overlying  gossan. 

The  Parry  Sound  Copper  Mining  Company  did  a  little  work  at  the  Wi 
during  1904.  The  work  consisted  of  deepening  shaft  No.  1  from  135  feet  t 
snd  then  crosscutting  100  feet.     The  ore  averages  about  i  per  cent,  coppet 
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FELDSPAR  MINES 


The  production  of  feldspar  in  Ontario  has  up  to  the  present  been  confined  ex- 
^ulsively  to  Frontenac  county.  Owing  to  the  somewhat  limited  demand  for  the 
rineral,  and  consequently  the  difficulty  in  finding  a  market,  qo  very  large  production 
s  likely  to  be  reached.  During  1904  work  was  done  on  several  properties  along  the 
Kingston  and  Pembroke  Railway  in  Bedford,  Oso  and  Portland  townships. 


No.  2  pit,  or  northeast  part  o£  the  KichardBon  feldepar 


the  largest  producer  ia  the  mine  owned  and  operated  by  the  Kingston  Feldspar 
"ining  Company  in  Bedford  township,  known  as  the  Richardson  mine.  This  miiie 
"u  b««n  a  steady  producer  since  1900,  the  spar  maintaining  its  high  grade  qualities 
™ch  earned  for   it  its  market.     An   analysis  shows   it  to  contain   the   following: 


The  feldspar   is  mined   from   a   large   open   cut   and   is   hoisted    to   the   top   of  the 
''i  a  distance  of  50  feet,   in  3-ton  buckets.     These  loaded  buckets  e 


*Sons  to  pontoons  c 
a  M. 


Thirteen  Island  lake,  c 
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Muscovite  (white  micft)  hu  not  beea  produced  oommercikUy  in  Ontario,  slthouish 
it  u  known  to  occur  in  Heveral  localities.  Deposits  have  been  found  in  tbd 
township  of  Methuen,  Peterborough  county,  occurring  in  syenite  dykes  asBociat«l 
with  corundum.  This  mica  %  however,  as  a  rule  too  hard  for  electrical  purpose', 
and  the  deposits  have  not  as  yet  been  developed  to  any  extent.  A  deposit  of  ninsCo- 
vite  has  been  found  near  Mazinaw  lake,  Effingham  township,  county  of  Lennox. 
This  deposit  is  in  a  pegmatite  dike  which  has  been  traced  for  a  couple  of  miles  from 
surface  outcroppings.  Some  of  the  mica  is  a  very  clear  muscovite,  but  parts 
of  the  dike  contain  mica  quite  badly  stained  and  spotted  with  iron. 


Oeneral  Electric  Company 

This  company  during  the  year  1904  operated  the  Lacey  mine  in  Loughbon~ 
township,  and  during  the  summer  months  carried  on  considerable  prospecting  worc^ 
in  other   parts  of  the  township,   and  also  near   Perth  in   the  township   of   Burgess. 

The  Lacey  mine  has  for  the  last  few  years  ranked  as  the  largest  producer  ic 
mica  in  Ontario,  and  has  probably  produced  the  largest  quantity  of  mjca  of  anw 
mine  in  Canada.  The  mine  was  opened  about  the  year  1899  by  J.  W.  Trousdale  o-- 
Sydenham,  who  worked  it  under  lease  until  the  first  of  the  year  1901.  when  ■  • 
reverted  to  the  owners.  The  General  Electric  Company  of  Schenectady,  N.  Y.,  wti  j 
have  since  operated  it  with  Mr.  G.   W.  McNaughton,  manager. 


tic,  Friiiilennc  ci 


led  by  Ueneral  Electric  Company. 


The  main   shaft    has   now  a  depth   of   185  feet   (an   increase   of   50   feet    since   la,»- 
inspection),   having  a  dimenEJon  at  the  bottom  of  1.5  feet   by  18  feet. 

The  first  level  is  at  a  depth  c.f  CO  feet.  From  this  level  in  the  sontheast  drift 
at  100  feet  from  the  shaft  a  winze  has  been  sunk  to  the  third  level,  and  a  litMa 
sloping   done. 
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The  second  level  at  a  depth  of  85  feet  has  a  drift  running  northwest  45  feet. 
A  crosscut  is  being  driven  in  the  hanging  wall  from  the  second  level  platform  to  cut 
a  parallel  vein  of  mica  located  by  the  diamond  drill.  A  distance  of  31 'feet  had  beon 
driven  at  the  time  of  inspection.  Since  the  inspection  of  the  mine  a  large  deposit 
of  mica  has  been  located  by  this  crosscut  northeast  of  the  old  ore  body. 

The  third  level  at  a  depth  of  95  feet  has  a  drift  south)east  130  feet,  being  an 
increase  of  88  feet.  The  floor  of  the  easterly  drift  from  the  main  drift  has  been 
broken  through  to  the  level  below. 

The  fourth  level  at  a  depth  of  117  feet  has  two  drifts  running  southeast  of  the 
shaft,  the  easterly  one  being  135  feet  and  the  westerly  130  feet  in  length. 

The  fifth  level  (new)  is  at  a  depth  of  140  feet  with  northwest  drift  60  feet  In 
length.  Two  drifts  have  also  been  run  on  this  level  southeast  of  the  shaft.  Th<* 
easterly  drift  has  a  length  of  135  feet  and  westerly  130  feet.  The  floor  between  the 
^curth  and  fifth  levels  in  the  easterly  drift  has  been  stoped  out. 

The  sixth  level  at  a  depth  of  165  feet  has  a  southeast  drift  60  feet  and  a  northwest 
<irift  40  feet  in  length'. 

Northwest  of  the  shaft  the  mica  has  all  been  stoped  out  from  the  second  to  the 
£fth  level.  Timbers  have  been  placed  under  the  roof  overhanging  this  stope,  and 
pillars  left  between  the  stope  and  shaft.  StuUs  have  been  placed  in  the  floor  of  the 
fourth  level,  which*  has  been  broken  through,  to  thoroughly  protect  the  lower  workings. 

The  surface  machinery  consists  of  a  class  B  Rand  air-compressor,  which  fumfshes 
1 ,015  cubic  feet  of  fresh  air  per  minute  at  normal  capacity ;  two  Jenckes  boilers  of 
70-h.   p.   capacity  each,   with    feed    water    heater    and    pumps.     A    hose    house    has 

\teen  built  and  small  pump  placed  therein  to  pump  water  from  the  old  Lacey  pit  for  the 
compressor  and  for  fire  protection.     The  company  also  own  a  diamond  drill,  and  somo 

12,000  feet  of  drilling  has  been   done   at  the  Lacey   mine  prospecting   for     new    ore 

bodies  and  determining  the  extent  of  the  old  ones. 

The  General  Electric  Company  carried  on  prospecting  during  the  past  year  on  the 
C^anada  Company's  lot  at  Mud  lake,  Loughboro  township,  and  on  the  Burns  property, 
lot  11  and  east  half  of  12  in  the  seventh  concession,  township  of  North  Burgess.  This  lot 
adjoins  the  lot  on  which  the  Hanlan  mine  is  situated. 

Freeman  Mica  Mine 

Richardson  Bros,  of  Kingston  worked  all  year  on  the  Freeman  property  on  lot 
^  in  the  ninth  concession  of  Loughboro  township.  There  are  three  parallel  veias. 
Tlie  mica  in  the  middle  vein  is  milky  and  badly  twisted.  A  very  fair  quality  is  fouud 
in  the  parallel  veins.  A  shaft  80  feet  deep  has  been  sunk  and  the  vein  stoped  out 
fox-  40  feet.  The  mica  was  all  cleaned  at  the  mine.  It  is  the  intention  of  the  manag3- 
^eiit  to  begin  work  on  the  vein  of  black  mica  on  the  west  side  of  the  lake,  as  the 
demand  for  this  quality  is  increasing. 

Baby  Mine 

The  Baby  mine,  about  14  miles  from  Perth,  on  lot  11  in  the  fifth  concession  of 
^"oxth  Burgess  township,  was  re-opened  during  the  year.  The  mine  was  worked  some 
y^^rs  ago  as  a  large  open  pit  15  to  20  feet  across  and  165  feet  deep.  A  mining  camp 
^^^  been   built  and  boiler  and  hoist  installed. 

The  west  half  of  lot  6  in  the  ninth  concession  of  North  Burgess  was  worked  under 

l^^w^e  by   Messrs.   Montgomery  and  Adams  of  Perth.     A  shaft  40  feet  deep  was  sunk 

®*^     the  vein  having  a  width  of  6  feet.     A  short  drift  was  run   at  the  bottom  of  tble 

*^^ft  northwest  along  the  vein.     The  mica  is  cleaned  at  the  Adams  trimming  works 

*^    Perth. 
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Kent  Bros 

The  operations  of  this  firm  are  largely  confined  at  the  present  time  to  the*r 
mine  near  Buckingham,  Quebec.  The  Bob's  lake  mine  in  Bedford  township  was, 
howerer,  worked  until  October  of  1904,  when  it  was  temporarily  closed.  The  mica 
produced  from  this  mine  was  cleaned  at  the  firm's  mica  works  at  the  foot  of  Princess 
6t.,  Kingston.  The  mica  from  their  mine  in  Quebec  is  also  sent  here  to  be  cleaned. 
There  are  seven  men  employed  in  thumb-trimming  and  twenty-two  girls  in  thin- 
splitting  the  mica. 

Messrs.  Mills  A  Cunningham  of  Kingston  worked  an  amber  mica  property  on 
the  north  part  of  lot  9  in  the  second  concession  of  South  Sherbrooke  township,  county 
of  Lanark,  for  some  months  during  the  year.  The  mica  was  found  in  a  vein  of 
calcite,  which  was  considerably  broken  by  faults  and  had  been  subjected  to  mucb 
pressure. 

Prospecting  was  also  done  on  lots  4  and  7  in  the  third  concession,  and  lot  2  io 
the  fourth  concession  of  South  Sherbrooke. 

Mica  Trimmimg  Worlcs  at  Ottawa 

Thfe  General  Electric  C<Hnpany  have  large  works  on  the  comer  of  Isabella  an;fl 
Elgin  streets,  Ottawa,  which  are  fitted  up  with  cutting  knives,  thin-splitting  tabhi 
end  all  appliances  necessary  for  the  production  of  mica  in  its  marketable  state.  Thi. 
Kica  from  all  the  company's  mines  is  shipped  here  for  preparation.  After  prepari 
tion  the  mica  is  sent  to  the  company's  works  at  Schenectady,  N.Y.  A  force  q^= 
ninety,  of  whom  fifty  girls  are  engaged  in  thin-splitting,  is  employed  under  superire^ 
tendent  R.  E.  Nivison. 

The   Laurentide   Mica    Company    have    recently    opened  a  large  factory  on   th    _ 

corner  of  Queen  and  Bridge  streets.  This  company  ship  all  their  mica  to  th-^i 
Westinghouse  Company  at  Pittsburgh,  Pa.,  for  use  in  the  manufacture  of  electrici^a 
machinery.  Some  of  the  mica  is  obtained  from  this  company's  own  mine  at  Cheli 
Quebec,  and  the  rest  frcm  independent  producers  in  both  Ontario  and  Que 
bee.  A  force  of  175  girls  is  engaged  in  thin-splitting  the  mica,  twenty-four 
tbe  knives,  and  ten  thumb-trimming,  under  superintendent  Chas.  Girteau. 

Eugene  Munsell  and  Company  have  steadily  employed  an  average  of  about  twent^^ 
nearly  all  girls,  engaged  in  thin-splitting,  under  superintendent  S.  O.  Fillion.  Ma  — 
of  this  mica  is  bought  from  the  small  producers  of  Ontario  and  Quebec. 


PHOSPHATE  OF  LIME 

The   phosphate   industry,  which  has  been    dormant    in  eastern  Ontario   for    so 
years,  received  some  attention  from  German  chemists  in  1904.       A  large  number 
phosphate  properties  were  purchased  and  a  company  formed  known  as  the  DominL 
Improvement   and  Development  Company,  with  head  office   at  Hamburg,   and  bran 
office  in  New  York.     Work  was  done  last  season  on  lot  13  in  the  sixth  oonoeeaion 
North  Burgess.     A  shaft  20  feet  square  was  sunk  and  a  quantity  of  mixed  phosph 
and  rock  taken  out      Camp  buildings  were  put  up  and  preparation  made  for  the  p 
duct  ion  of  a  larger  tonnage  of  ore. 

GRAPHITE 

The  Black  Diamond  graphite  mine  was  leased  from  the  Ontario  Graphite  Oompas^^ 
I'imited,  by  Mr.  Rinaldo  McConnell  of  Ottawa,  and  has  been  operated  by  him  sin,  '^^ 
Ist  May,  1904.  Under  Mr.  McConnoirs  management  a  dam  was  built  to  enable  tS=^ 
old   workings   to  be  unwatered,   which  owing  to  a  cave-in.    had  been   filled   by  waV-*^ 
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irom  the  lake.  The  mine  was  then  pumped  out,  but  the  workings  were  found  to  be  in  such 
a  dangerous  condition  that  they  were  abandoned^  and  a  new  shaft  begun  100  feet 
louthwest  of  the  old  shaft  and  running  parallel  with  the  old  workings.  The  shaft 
i^  sunk  on  an  incline  of  thirty  degrees,  following  the  dip  of  the  vein,  and  has  i 
depth  of  170  feet.    8<mie  ore  has  been  stoped  from  the  south  side  of  the  sfasaft. 

The  shaft  is  fitted  with  skip-track  and  ore  is  hoisted  by  skip  driven  by  duplex 
cylinder  single  drum  hoist  operated  by  compressed  air.  The  skip-track  and  the  way 
for  the  men  to  enter  the  mine  was  in  the  same  shaft  and  not  separated  by  partition 
as  required  by  the  Mines  Act. 

The  new  power  plant  on  the  Madawaska  river,  two  miles  from  the  mine,  has 
been  completed,  furnishing  power  to  run  compressor  and  mill. 

The  mill  was  closed  at  the  time  of  inspection  in  March  1905,  as  the  management 
was  installing  a  new  system  of  air  separation.  A  force  of  thirty  men  was  employed 
ruder  superintendent  Allan  McDonell. 

A    new    stamp    is  being    successfully    used,    wUich    greatly    increases    the  output. 
Tills  is  conical  in  form,  fitting  in  a  mortar  of  the  same  shape. 

The  McConnell  graphite  mine  in  North  Elmsley  township,  county  of  Lanark,  about 
seven  miles  north  of  Perth,  which  was  closed  in  1903,  has  recently  been  opened,  and 
worlc  is  expected  to  be  carried  on  the  coming  summer  in  both*  mine  and  mill. 


ACTINOLITE  AND  ASBESTOS 

The  operations  of  Mr.  Joseph  James  and  the  International  Asbestos  Company  in 
tH^  grinding  of  actinolite  and  production  of  short  fibre  asbestos  was  brought  to  a 
sti^xxdstiU  last  June  by  the  blowing  out  of  their  mill  dam  by  a  lumber  company.  4.3 
^    oonsequence,  all  operations  in  that  line  have  ceased,  pending  a  suit  regarding   the 

^"tilization  cf  the  water  power. 

This  industry,  which'  is  one  of  the  oldest  mining  industries  in  continuous  operation 
^'i  "the  Province,  has  recently  received  attention  from  operators  both  in  England  and 
"tH^.  United  States.  It  is  to  be  hoped  that  the  difficulty  now  hampering  the  business 
^  *ll     soon  be  removed. 


TALC 

The  Henderson  talc  mine  on  lot  14  in  the  fourteenth  concession  of  the  township 
^^  Huntingdon,  was  operated  for  two  months  during  1904  by  Mr.  S.  Wellington  of 
^^^^oc,  who  had  the  property  under  lease.  A  shaft  had  previously  been  sunk  to  o 
^^I>-th  of  63  feet  and  short  drifts  run  in  both  directions  along  the  deposit  at  a  depth 
^  ^  35  feet,  as  well  as  some  crosscutting  done,  proving  it  to  Wave  a  width  of  20  feet. 
^''XTing  the  time  of  operation  in  the  past  summer  no  new  development  work  was  done. 
A  quantity  of  talc  was  mined  from  the  drifts  by  both  underhand  and  overhand 
►ing.     The  best  grade  product  was  shipped  to  Newark,  N.  J. 


CALCIUM   CARBIDE 

With  the  increased  use  of  acetylene  gas  for  lighting  purposes  in  small  towns  and 
'^'ill^es^  which  are  not  supplied  with  electric  lighft  and  gas  plants,  the  manufacture 
^^     oalcium  carbide  has  been  placed  on  a  firm  basis,  and  a  steady  demand  is  assured. 

The  Ottawa  Carbide  Company,  with  works  at  Ottawa,  have  a  total  of  twenty 
*^*^aces.  At  the  time  of  the  writer's  visit  only  five  to  eight  furnaces  were  in  oper- 
^"^ion  owing  to  the  low  water  supply.  The  process  for  the  formation  of  carbide 
^^^^•ifts  of  the  fusion  of  lime  and  coke  in  an  electric  furnace  according  to  the  reaction, 
^^•^O  4-  3  C  =  CaC2  -h  CO.  The  fusion  requires  a  current  of  1,500  amperes  and  a 
^^^Hage  of  75.    This  must  be  kept  constant,  which  is  accomplished  by  raising  or  lower- 
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log  the  upper  electrode.     The  lower  electrode  is  a  block  of  carbon  let  into  an  iron 
base  plate,  while  the  upper  electrode  is  a  suspended  carbon  block. 

After  fusion  the  furnace  is  dumped  and  the  unfused  part  returned  to  the 
furnace.  On  being  cooled,  the  scale  is  taken  off  the  fused  mass  by  means  of  pneumatic 
hammers  or  chisels.  The  carbide  is  then  crushed  to  a  uniform  size  and  packed  in 
tins  containing  100  pounds.  The  limestone  used  in  the  production  of  the  lime  (CaO) 
is  from  Welland  county.  It  is  very  pure,  low  in  magnesia  and  belongs  to  the 
Corniferous  formation.  It  is  quarried  at  Port  Colborne  and  Skerkston,  and  is  also 
burnt  there  by  natural  gas  as  fuel.     An  analysis  shows  the  following  percentage: 

Silica 2.00 

Alamina   and   ferric   oxide    l.io 

lime 51.00 

Maffneeia 1.10 

Phoephoraa 015 

Salphar JOS 

The  company  at  Ottawa  produce  their  own  electric  power. 

The  calcium  carbide  factory  at  Merritton,  Welland  county,  was  also  in  operatno 
during  the  year. 


PETROLEUM  AND  NATURAL  GAS 

BY  E  T  CORKILL 

The  past  and  present  year  have  seen  renewed  activity  in  the  petroleum 
i  of  southwestern  Ontario.  This  activity  is  due  to  the  finding  of  two  new  oil 
if    namely,    the  Moore  township   field    in  Lambton  county,   and    the    Leamington 

in  Mersea  township,  county  of  Essex.  The  first  well  in  the  Moore  township  field 
brought  in  in  July  1904,  on  lot  3  in  the  tenth  concessicn,  and  in  the  Leamington 

on  1st  June  1902,  on  the  farm  of  Gustavus  Straubel,  lot  238,  Talbot  Road. 

In  March  1905,  under  instructions  from  Mr.  T.  W.  Gibson,  Director  of  the 
3au  of  Mines,  the  writer  paid  a  visit  to  nearly  all  the  oil  and  gas  producing 
3  of  southwestern  Ontario,  for  the  purpose  of  procuring  as  full  and  authentic 
rmation  as  possible  regarding  the  new  oil  and  gas  fields  that  were  being  opened 
as  well  as  of  ascertaining  any  new  developments  that  were  being  made  in  the 
r  fields. 

Two  very  complete  reports  dealing  with  the  southwestern  peninsula  have  been 
lished  by  the  Geological  Survey  of  Canada.  The  first  was  The  Geology  of  Canada 
3)  in  which  are  summed  up  the  results  of  the  observations  on  the  geology  of  the 
On  made  by  Logan,  Hunt  and  other  investigators.  In  the  Report  of  the  Geological 
vey  of  1890-91,  Mr.  H.  P.  H.  Brummell  takes  up  the  occurrence  of  petroleum  and 
iral*  gas  in  Ontario,  giving  logs  of  a  great  number  of  wells  and  also  sections 
trating  the  sequence  of  the  Palaeozoic  formations  in  Ontario. 

Individual  fields  have  been   described   in  recent  reports   of  the  Bureau  of  Mines. 
the   Thirteenth   Report,    Part   II,    the   chief    geological   divisions    and   outcropping 
18  are  shown.     In  Vols.  Ill  and  VI  of  the  Journal  of  the  Canadian  Mining  Institute, 
Eugene  Coste  has  published  papers  on  Natural  Gas  in  Ontario. 

PETROLEUM  FIELDS 

The  production  of  petroleum  in  Ontario  has  so  far  been  largely  confined  to  the 
atj  of  Lambton.  The  first  oil  was  found  in  this  country  about  the  year  1862,  a  few 
*8  after  the  great  oil  strikes  in  the  United  States.  There  have  been  in  the  county  ot 
tbton  alone  about  eleven  thousand  producing  wells,  some  of  which  have  been 
ling  oil  for  over  forty  years.  At  the  present  time  there  are  8,100  wells  in  oper- 
1  at  Petrolea,  and  1,000  at  Oil  Springs.  Probably  the  most  remarkable  thing 
t  this  field  is  its  permanency  of  flow  and  the  small  average  yield  per  well.  Ono 
P  of  100  wells  the  writer  visited,  produced  150  barrels  a  month,  all  the  wells 
?  operated  from  a  central  pumping  station. 

Petroleum  has  for  some  years  been  known  to  occur  on  Manitoulin  Island,  in  fait 
I'ecorded  that  the  first  oil  found  in  Canada  was  that  discovered  on  this  island, 
^pany  was  formed  in  I860  to  bore  for  oil,  but  thte  venture  apparently  was  not 
■^ful.  At  the  present  time  more  drilling  is  being  done  there,  with  prospects  of 
*•   results. 

-^il  has  also  been  found  in  other  counties  in  southwestern  Ontario. 

[89] 
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About  seven  years  ago  petroleum  was  struck  in  the  township  of  Dutton,  Elgin 
county.  The  field  here  is  small,  comprising  about  400  acres,  but  the  wells  are  shallov 
and  have  a  steady  production.  The  oil  is  obtained  from  the  Corniferous  at  a  depth 
of  440  feet. 

In  Kent  county  small  fields  have  been  located  in  different  parts.  In  Raleigh 
township  on  lot  18,  in  the  twelfth  concession,  a  flowing  well  was  struck  in  November 
cf  1902,  known  as  the  *'Gurd  gusher."  Very  few  wells  Ebwever  were  productive  ia 
this  field.  The  "Gurd"  well  has  ceased  to  flow,  and  pumping  operations  hbve  been 
given  up  in  the  field.     The  Wheatley  field  in  the  township  of  Romney  has  a  steady 

producticn,  though  a  small  average  yield  per  well. 

The  Bothwell  field  -n  Zone  township,  county  of  Kent,  LJis  between  200  and  300 
producing  wells.  This  field  is  considered  a  good  paying  proposition.  It  has  a  smsll 
production  per  well,  but  the  output  last  year,  according  to  Mr.  Kennedy,  secretary 
of  the  United  Oil  and  Gas  Company,  did  not  depreciate  two  per  cent.,  as  compared 
with  the  previous  twelvemonth.  The  wells  are  quite  shallow,  averaging  in  depth 
about  600    feet,    and    formations    drilled    through}   are    very    similar  to  those  in  the 

Petrolea  field. 

North  of  the  Bothwell  field  in  Euphemia  township  is  another  group  of  wells  with 
a  small  production.  The  wells,  however,  are  very  shallow,  averaging  370  feet  (thi) 
thickness  of  drift  being  53  feet). 

Essex  county,  which  for  some  years  was  a  large  producer  of  natural  gas,  bids  fair 
now,  like  the  PetrcJea  field,  to  become  an  important  producer  of  petroleum. 

Oil  had  not  been  found  in  commercial  quantities  in  Ontario,  until  a  very  few 
years  ago,  in  any  formation  but  the  Corniferous,  and  oil  men  had  almost  become 
convinced  that  drilling  to  greater  depths  was  useless.  In  the  spring  of  1902  a  com- 
pany was  formed  in  the  town  of  Leamington  to  explore  for  gas  and  oil  in  that  section. 
A  well  was  sunk  on  lot  238,  Talbot  road,  and  oil  was  struck  at  a  depth  of  1.074 
feet  on  1st  June  1902.  in  a  formation  previously  not  recognized  as  a  prolific  oil  stratum. 
ramely  the  Guelph  formation.  TMs  formation  is  a  very  porous  dolomitic  limestone, 
and  has  been  known  for  years  as  a  producer  of  natural  gas  in  this  county.  iCo  very 
large  oil  producers,  however,  were  found  until  1905.  This  year  has  witnessed  the 
bringing  in,  in  this  field,  of  some  large  flowing  wells,  ithe  largest  reported  as  ye^ 
being  the  Hickey  Nc.  4.  which  started  off  with  a  flow  of  1.200  barrels  per  day;  this 
it  maintained  for  nearly  three  days,  and  then  gradually  diminished  day  by  day  until 
it  is  now  down  to  about  200  barrels  a  day,  but  still  flowing.  On  10th  April  a  gusher 
was  truck  on  lot  9,  concession  4.  Mersea  township,  on  the  farm  of  Patrick  Smith. 
ITiis  is  also  stated  to  be  a  very  large  producer.  The  exceeding  porosity  of  the 
I  roductive  sand  in  this  field  points  to  a  good  prospect  for  a  producing  oil  field,  if  the 
oil  is  not  too  near  the  salt  water.  At  present  the  oil  sent  to  the  refinery  at  Sarnia 
contains  considerable  water.  In  one  month  in  the  early  part  of  1905,  3,000  barrels  of 
oil   were  shipped  from  this   field   to  tbe   refinery. 

Another  new  field  was  found  in  1902-03,  the  productive  area  being  a  still  lower 
horizon  in  the  geological  scale  than  the  formation  in  which  the  oil  is  found  in  the 
Leamington  field.  This  field  is  situated  in  the  county  of  Brant,  near  the  city  ^^ 
Brantford.  hlaving  its  productive  area  in  the  Medina.  Several  oil  wells  have  been 
Irought  in,  with  small  production.  Gas  is  also  found  along  with  the  oil  in  most  d 
the  wells.  A  well  has  just  been  drilled  to  the  Trenton  in  this  field,  the  log  of  which 
i^  given  in  another  part  of  this  report. 

NATURAL  GAS    FIELDS 

The  production  of  natural  gas  in  Ontario  is  now  limited  almost  entirely  to  the 
counties  of  Haldimand  and  Welland.  TWe  Essex  field,  which  was  so  prolific  a  source 
of  gas  some   years   ago.   has  almost  entirely  ceased   to   produce,   hardly   sufficient  gas 
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Dg  obtained  to  supply  the  towns  in  proximity  to  the  old  fields.  In  October  1901, 
exportation  of  gas  to  Detroit  was  stopped  by  the  Ontario  Government  by  Order- 
Council  revoking  the  license  of  occupatioji  which  authorized  the  exporting  com- 
ly  to  use  the  bed  of  the  Detroit  river  for  the  purposes  of  its  pipe  line,  in  the 
^e  that  by  so  doing  the  life  of  the  field  would  be  prolonged.  Thb,  however,  did 
&  have  the  desired  effect,  and  the  field  is  now  practically  abandoned.  Seven  gas 
lis  were  drilled  north  of  this  field  in  1&04,  three  or  four  of  which  are  producing  from 
lOO  to  90,000  feet  per  day.  These  wells  are  situated  practically  m  the  oil  field, 
rock  pressure  of  398  lb.  was  recorded.  The  gas  is  used  to  supply  the  town  of 
lamington^  and  also  for  drilling  and  pumping  in  the  oil  field. 

The  first  well  in  the  Welland  field  was  struck  in  August  1889,  on  lot  35  of  the 
ird  concession  from  lake  Erie,  in  Bertie  township,  seven  miles  east  of  Port  Col- 
rne.  This  well  was  drilled  by  the  Provincial  Natural  Gas  and  Fuel  Company  of 
ntario,  Limited.  The  gas  was  struck  in  a  white  sandstone  of  the  Medina  formation 
836  feet.  Previous  to  this,  however,  a  few  wells  had  been  sunk  at  Port  Colborne 
id  vicinity,  the  first  well  being  put  down  in  August  of  1886.  These  wells  were  small 
oducers,  70,000  feet  per  day  being  the  largest  flow  obtained. 

From  fourteen  wells  put  down  by  th^  Provincial  Natural  Gas  and  Fuel  Company 
supply  of  30,895,000  cubic  feet  of  gas  per  day  was  obtained.  This  company  has 
ipplied  Buffalo  since  January  1891,  and  during  the  past  year  has  constructed  8-inch 
^h  pressure  pipe  lines  to  Niagara  and  Chippewa,  the  former  twelve  miles  in  length, 
id  the  latter  one  and  one-half  miles.  Gas  is  also  delivered  at  Bridgeburg,  Fort  Erie, 
iierkston,  Stevensville,  Crystal  Beach  and  other  points  along  thfe  lake  shore,  and  to 
ly  farmer  applying  for  it  along  any  of  their  lines. 

The  Winger  field,  in  Wainfleet  township,  was  opened  in  1903,  and  has  now  eight 
'oducing  wells  which  have  a  rock  pressure  of  260  lb.  Another  field  opened  by  the 
me  company  during  1904  is  in  the  centre  of  the  townsbtip  of  Crowland.  In  this 
)ld  the  gas  is  found  in  the  Clinton  formation. 

The  Mutual  Natural  Gas  Company,  Limited,  of  Port  Colborne,  controls  a  field 
^r  that  town,  with  an  area  two  miles  east,  six  miles  north  and  three  miles  west. 
^  northern  part  of  this  is  new  territory  opened  up  only  two  years  ago,  and  is  the 
ost  productive.  The  gas  is  here  found  in  thte  Clinton.  The  company  has  35  pro- 
icing  wells  and  supplies  the  towns  of  Port  Colborne,  Humberstone  and  Welland. 
B8t  west  of  the  Mutual  Company's  properties  the  Welland  County  Lime  Works 
ompany  utilizes  the  gas  in  the  burning  of  lime  from  wells  it  has  just  put  down. 

Northwest  of  Dunnville  in  the  township  of  Canborough,  Haldimand  county,  the 
ominion  Natural  Gas  Company  has  put  down  34  wells  in  what  is  known  as  the 
ttercliffe  field,   and  five  wells  outside  of  this  field.     The  wells  produce  from   25,000 

>  75,000  cubic  feet  per  well.  An  8-inch  high  pressure  pipe  line  has  been  constructei 
)  Hamilton  and  Dundas  from  this  field.  A  pressure  of  60  lb.  is  attained  at  Dundas. 
be  Citizens'  Natural  Gas  Company  have  nine  producing  wells  in  Attercliffe  field  and 
ipply  gas  to  consumers  in  the  town  of  Dunnville. 

ORIGIN  OF  OIL  AND  GAS 

In  dealing  with  the  origin  of  petroleum  and  natural  gas  the  aim  of  tbe  writer 
» sclely  to  treat  the  subject  from  the  literature  of  the  subject  by  giving  extracts  from 
Q08e  writings  in  which  the  chief  theories  have  been  advanced  or  supported. 

Theories  of  Inorganic  Origin 

Two  of  the  first  writers  to  advocate  the  theory  of  inorganic  origin  were  M.  Berthelot 
od  M.  Mendeljeff .     A  paper  was  published  by  M.  Berthelot  in  1866,  wherein  he  says : 

**U  in  accordance    with    an    hypothesis    recently    announced  by    M.  Daubre,  it  iv 

>  be  admitted  that  the  terrestrial  mass  contains  free  alkali  metals  in  its  interior,  thts 
fpethesis  alone,  together   with  experiments  that  I   have   lately   published,    furnisher 
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contain  it.  According  to  this  yiew  the  decomposition  was  mainly  effected  in  situ,  and 
the  product  resulting  is,  therefore,  mainly  indigenous  to  the  rock  in  whicK  it  is  found. 
The  last  feature  is  seised  upon  in  most  popular  statements,  and  a  theory  of  indigenous 
origin  is  made  to  include  most  beliefs  of  this  class.  It  must  be  borne  in  mind,  hotr- 
ever,  that  no  author  is  to  be  found  wHo  holds  strictly  and  consistently  to  such 
indigenous  origin,  but  thJe  name  can  still  be  used  as  a  general  designation  without 
harm. 

''The  second  view  b,  that  petroleum  is  derived  from  the  secondary  decomposition 
of  organic  matter  stored  in  the  rocks.  It  supposes  the  original  vegetable  and  animal 
matter  to  have  suffered  a  partial  transformation  and  to  be  now  held  in  the  rocks  m 
a  hydrogen  compound,  from  which,  by  a  process  of  distillation,  oil  and  gas  are  derived. 
The  so-called  bituminous  shales  are  counted  the  chief  sources  of  these  products.  After 
distillation  it  is  held  that  the  gas  and  oil  are  mainly  carried  upward  by  hydrostatic 
pressure  to  some  overlying  porous  stratum  that  serves  as  a  reservoir.  This  class  can 
be  conveniently  grouped  under  the  name  of  the  distillation  theory." 

The  Primary  Decomposition  Tlieory 

The  greatest  exponent  of  the  theory  that  petroleum  is  derived  from  the  primarr 
decomposition  of  organic  tissues  is  Dr.  T.  Sterry  Hunt.  He  urges  that  petroleum 
mainly  originates  in  and  is  obtained  from  limestones.  When  found  in  limestones  he 
counts  the  oil  indigenous,  but  when  found  elsewhere  as  in  sandstones  and  conglomerate, 
hr  counts  it  adventitious  and  he  then  refers  it  to  underlying  limestones.  In  speaking; 
cf  the  oil  fields  of  Canada  he  says: 5 

''The  facts  observed  in  this  locality  appear  to  show  that  the  petroleum  of  the 
substance  which  has  given  rise  to  it  was  deposited  in  the  bed  in  which  it  is  now  found 
at  the  formation  of  the  rock.  We  may  suppose  in  these  oil  bearing  beds  an  accumula- 
tion of  organic  matters,  whose  decomposition  in  the  miHst  of  a  marine  calcareous 
deposit,  has  resulted  in  their  complete  transformation  into  petroleum,  which  has  found 
a  lodgment  in  the  cavities  of  the  shells  and  corals  immediately  near.  Its  absence 
from  the  unfilled  cells  of  corals  in  the  adjacent  and  interstratified  beds  forbids 
the  idea  of  the  introduction  of  the  oil  into  these  strata  either  by  distillation 
or  by  infiltration.  The  same  observations  apply  tc  the  Trenton  limestone, 
and  if  it  shall  be  hereafter  shown  that  the  source  ot  petroleum  (as  distinguished  from 
asphalt)  in  other  regions  is  to  be  found  in  marine  fossiliferous  limestone,  a  step  will 
have  been  made  toward  a  knowledge  of  the  chemical  conditions  necessary  to  its  forma- 
tion." 

He  also   says  :  ^ 

"In  opposition  to  the  generally  received  view  which  supposes  the  oil  to  originate 
from  a  slow  destructive  distillation  of  tlie  black  pyroschists,  belonging  to  the  middle 
and  upper  Devonian,  1  have  maintained  that  it  exists,  ready  found,  in  the  limestones 
below." 

Again  :  7 

**It  has  already  been  shown  that  the  petroleum  of  Canada  occurs  in  two  distinct 
horizons;  the  one  in  the  limestones  of  the  Trenton  group,  and  the  other  in  those  of 
the  Corniferous  formation.  To  this  it  must  now  be  added,  that  the  petroleum  of  Gaspe 
probably  belongs  to  an  intermediate  position,  and  it  to  be  referred  to  limestones  of 
Upper  Silurian  age." 

Also  in  writing  of  a  dolomite  in  the  Niagara  formation  met  with)  near  Chicago, 

Illinois,   ho  says: 

"A  layer  of  this  oleiferous  dolomite,  one  mile  square  and  one  foot  thick  will 
contain  1,184,832  cubic  feet  of  petroleum,  equal  to  8,850,069  gallons  of  231  cubic  inchei 
and  to  221,247  barrels  of  forty  gallons  each.  Taking  the  minimum  thickness  of  85 
feet  assigned  by  Mr.   Worthen  to  the  oil-bearing  rock  at  Chicago,   we  have  in  each 

square  mile  of    it    7,743,745   barrels   of   petroleum With    such   sources 

ready  formed  in  the  earth's  crust,  it  seems  to  me,  to  say  the  least,  unphilosophical  to 
search  elsewhere  for  the  origin  of  petroleum,  and  to  suppose  it  to  be  derived  by 
some  unexplained  process  from  rocks  which  are  destitute  of  this  substance." 

Another  important  paper  on  petroleum  formation  is  WalPs  report  on  the  Trinidad 
asphalt.     Ho  says: 8 


5  American  Journal  of  Science,  Vol.  XXXV..  p.  168.         6  American  Journal  of  Science,  Vol 
XLVI..   p.   361.       7   Geology  of   Canada   1863,  page  786.8  Quart.  Journal  Qeol.  Soo.  XVI.,  p.  467. 
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"When  in  ntu  the  asphalt  is  confined  lo  particular  sirata  which  were  originally 
shales  containing  a  certain  proportion  of  vegeEabTe  debris.  The  organic  matter  has 
undergone  a  special  mineralization  producing  bituminous  in  place  of  ordinary  anthrac- 
iferous  substances.  This  operation  is  not  attributable  to  heat  nor  to  the  nature  of 
distillation,  but  is  due  to  chemical  reaction  at  the  ordinary  temperature  and  under  the 
normal  condition^  of  the  climate." 

Origin  by  Secondary  Decomposition. 

This  theory  is  upheld  by  Messrs.  J.  S.  Newberry  and  S.  F.  Peckham,  both  of 
whom  advance  somewhat  different  opinions,  though  acknowledging  that  petroleum 
and  gas  are  the  product  of  the  secondary  rather  tHan  of  the  primary  decomposition 
of  organic  substances.  The  former  contends  that  the  distillation  is  continuous  and 
pt  a  low  temperature,  while  the  latter  holds  to  the  view  that  the  distillation  was 
effected  by  the  heat  that  accompanied  tUb  elevation  of  the  Appalachian  Mountain 
System. 

In  his  paper  on  the  **Rock  Oils  of  Ohio/*  Newberry  says: 9 

"The  precise  process  by  which  petroleum  is  evolved  from  the  carbonaceous  matter 
contained  in  the  rocks  which  furnish  it  is  not  yet  fnllv  known,  because  we  cannot  in 
ordinary  circumstances  inspect  it.  We  may  fairly  infer,  however,  that  it  is  a  dis- 
tillation, though  generally  performed'  at  a  low  temperature.** 

Again  he  says :  lo 

**The  origin  of  the  two  hydrocarbons  is  the  same,  and  they  are  evolved  simul- 
taneously by  the  spontaneous  distillation  of  carbonaceous  rocks.  Where  the  oil  and 
gas  producing  rocks  and  those  overlying  them  are  solid  and  compact,  decomposition 
of  the  organic  matter  they  contain  takes  j)lace  very  slowly  and  the  escape  of  the 
reacting  hydrocarbons  is  almost  unpossible.  Where  they  are  more  or  less  shaken  up, 
decomposition  takes  place  more  rapidly;  reservoirs  are  opened  to  receive  the  oil  and 
gas,  and  fissures  are  produced  whicE  serve  for  their  escape  to  the  surface." 

Also  in  the  same  volume,  page  158,  ho  says : 

**We  have  in  the  Huron  shale  a  vast  repository  of  solid  hydro-carbonaceous  mattf  r 
^hich  may  be  made  to  yield  ten  to  twenty  gallons  of  oil  to  the  ton  by  artificial  dis- 
•illation.  Like  all  other  organic  matter  this  is  constantly  nndergoine:  spontaneous 
listillation,  except  where  hermetically  sealed  deep  under  rock  and  water.  This  results  in 
he  formation  of  oil  and  gas,  closely  resembling  those  we  make  artificially  from  th.3 
ame  substance,  the  manufactured  differing  from  the  natural  products  only  because 
re  cannot  imitate  accurately  the  process  of  nature.** 

From  the  preceding  extracts  Newberry*s  theory  may  be  summarized  as  follows: 
Oil  and  gas  are   the   result   of   a  continuous   and   spontaneous   distillation  of  the 
>ituminous  matter  of  certain   shales,  from  which  -the  greater  part  of  the  two  hydro- 
arbons  is  obtained. 

A   few  brief  extracts  will   be  sufficient  to  state  the  theory  advanced  by  Peckham. 

He  says:" 

' 'Bitumens  are  not  the  product  of  the  high  temperatures  and  violent  action  of 
volcanoes,  but  of  the  slow  and  gentle  changes  at  low  temperature,  due  to  metamorphio 
iction  upon  strata  buried  at  immense  depths.  .  .  The  alteration,  due  to  the  combined 
kction  of  heat,  steam  and  pressure  that  involved  the  formations  of  the  Appalachian 
;ystem  from  Point  Gaspe,  in  Canada,  to  Lookout  Mountains  in  Tennessee,  involving, 
he  Carboniferous  and  earlier  strata^  distorting  and  folding  them,  and  converting  the 
:oal  into  anthracite,  and  the  clays  into  crystalline  schists,  along  their  eastern  border, 
K>uld  not  have  ceased  to  act  westward  along  an  arbitrary  line,  but  must  have  gradually 
lied  out  farther  and  farther  from  the  surface.  The  great  beds  of  shale  and  limeston<» 
x>ntaining  fucoids,  animal  remains  and  even  indigenous  petroleum  must  have  been 
nvaded  by  this  heat  action  to  a  greater  or  less  degree.'^ 

Dr.  Orton  says : " 

''The  double  origin  of  petroleum  from  both  limestones  and  shales — and  it  is  not 
accessary  to  exclude  sandstones  from  the  list  of  possible  sources — deserves  to  be  uni- 
versally accepted.     In  confirmation  of  this  double  origin,  it  is  coming  to  be  recognized 

9  Ohio  Agrioultural  Report.  1859.      lo  Geo!.  Sarv.  of  Ohio,  Vol.  I..  1873.  p.  192. 

II   Cenens  of  the  United  States.  Vol.  X.  la  Geol.  Survey  of  Ohio.  Vol.  VI..  p.  71. 
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that  the  oil  and  gas  derived  from  these  two  sources  generally  differ  from  each  other 
in  noticeable  respects.  The  oil  and  gas  derived  from  limestones  contain  larger  pro- 
portions of  sulphur  and  nitrogen  than  are  found  in  the  oil  and  gas  of  the  shales.'' 

Rock  Pressure  of  Qas 

* 

In  connection  with  the  origin  of  petroleum  and  natural  gas,  pressure  is  a  very 
important  factor  to  be  considered.  Four  theories  have  been  advanced,  which  explain 
the  pressure  by : 

(1)  The  pressure  due  to  the  expansive  nature  of  the  resulting  gas  from  the 
decomposition  or  distillation  of  organic  remains. 

(2)  The  pressure  due  to  the  weight  of  the  overlying  rocks. 

(3)  Hydrostatic  water  pressure. 

(4)  Pressure  due  to  gaseous  emanations  from  below. 

The  last  two  are  probably  the  most  important,  and  the  two  which  are  chiefly 
upheld  by  geologists  at  the  present  time. 

The  second  theory  is  upheld  by  those  who  claim  that  the  weight  of  the  overlying 
rocks  exerts  a  pressure  which  is  available  for  driving  the  accumulation  of  gas  out 
of  the  rocks  that  contain  them.  This  would  only  be  possible  were  the  rock  in  a 
crusUed  state,  as  otherwise  no  pressure  would  be  exerted  on  the  gas  contained  in  the 
spaces  between  the  grains. 

The  third  theory  claims  that  the  cause  of  the  flow  of  both  petroleum  and  natural 
gas  is  due  to  the  pressure  of  a  column  of  water  depending  for  its  height  on  the 
depth  of  the  strata  in  whicM  these  substances  occur.  Prof.  Orton  upheld  this  theory 
and  explained  it  to  be  similar  in  principle  to  the  flow  of  water  from  artesian  weUs. 
Ihe  amount  of  pressure  would  therefore  depend  on  the  height  to  which  the  water 
column  is  raised,  in  case  continuous  porosity  of  the  stratum  can  be  assured. 

The  fourth  th^ry  is  uphold  by  those  who  believe  in  the  inorganic  origin  of  natural 
gas  and  petroleum.     Mr.   Coste  writes :  »3 

**In  every  field  where  gas  is  found  in  several  strata,  the  highest  pressure 
IS  always  recorded  in  the  lowest  or  deepest  strata.  For  instance,  in  the  Welland  county 
field  the  rock  pressure  of  the  gas  was  "300  lb.  in  the  Guelph  dolomite;  400  lb.  in  the 
Clinton;  525  lb.  in  the  Medina  white  sand,  and  1,000  lb.  in  the  Trenton  limestone; 
these  enormous  pressures  decreasing  as  the  gas  travels  up  from  below  by  friction 
through  the  small  fissures  and  the  small  pores  of  the  'sands,*  we  submit,  cannot  be 
explained  any  other  way  than  by  a  volcanic  source  from  below." 

THE  GEOLOGICAL  SCALE  OF  ONTARIO 

In  the  geological  formations  of  Ontario  the  possible  productive  areas  of  petroleuoi 
and  natural  gas  comprise  the  Palaeozoic  rocks  which  consist  of  strata  of  Devonian, 
Silurian,  Cambro-Silurian  and  Cambrian  age.  Overlying  these  is  drift  of  glacial 
3nd  recent  deposits.  The  thickness  here  assigned  to  each  is  the  comparative  thickness 
of  the  strata  of  the  AVelland  field  to  that  of  the  Lambton  field,  taken  from  an  arerage 
of  the  deep  wells  put  down  in  those  fields. 

RECKNT    AND  (GLACIAL  /  Mtirls.  Hiv )      ^^      ,„-  ,    * 

DUIFT.  \  Boulder  olay /     S*^—  l^o  feet. 

f''» orfHjro  and  Cht^nuTig 0_  loO  " 

DFVOVIVV  '.Hamilton  ()— 350  " 

'  i  rorniferous 0— 2o0  " 

'  Oriskan y " ' .  *  o_    25  " 

/'Lower  Helderberg i    300-1580    " 

I  ( )noiidnRR f     (at  Petrolea.) 

^"'^'«i^^ iNll^^am ::::::::::::::::;::::. :::::::::;:: }  t»o-435 feet. 

I  (''in ton  30—155    «• 

'  Meihna 950— 300    •• 

/'Hudson  River 730_^«jq   » 

i^ti^^a 175—^50   " 

Trenton -^  ''^ 

GAMBKO-SIUKIAX -!  Bird's  Eye  and  Black  Kiver .".;; 

Caloiferous 1    '^*^--1^  " 


vPotsdam  
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Trenton  Formation 

This  formation  is  the  lowest  in  the  geoloj2;ieal  scale  in  which  either  gas  or  oil  has 
been  found  in  any  quantity  in  Ontario.  The  outcrops  of  the  Trenton  and  other 
iorniations  in  Palaeozoic  groups  in  Ontario  have  been  described  in  the  Thirteenth  Report 

o*   the  Bureau  of  Mines,  Part  II.      Sections  of  these  formations  aro  given  in  the  1863 

Heport  of  the  Geology  of  Canada. 

A   section  of  the  Trenton  in  the  vicinity  ot  Montreal  is  as   follows:'! 

Feet. 

"Black  bituminouB  nodalar  limeetones  in  beds  varying  from  two  to  four  inches  separatr 
ed  by  layers  of  black  bitumiuous  shale  of  from  one  to  two  inches  thick.  The 
beds  are  highly  fossiliferous 10 

Gray  bituminous  granular  limestone  in  beds  of  from  three  to  eighteen  inches  at  the  bot^ 
torn,  passing  into  black  nodular  bituminous  limestone  at  the  top,  interst ratified 
with   black  bituminous  shale  in   irregular  layers  of  from  one  to  three   inches  10 

Gray   granular   bituminous   limestone  of   the  same  character  as  before  in   massive   beds  of 

from   ten  inches  to  two  feet  thick 10 

Black   and    dark    gray    bituminous   nodular    limestone   in    beds  varying    from    two    to    eight 

inches  in  thickness 150 

Bhtck  bituminous  compact  limestone  cdii  uining  about  ten  per  cent,  of  argillaceous  matter      350 

530 
In  the  southwestern  part  of  Ontario  drilling  has  reached  the  Trenton  in  Tianibton, 
Essex,  Brant,  Welland  and  Elgin  counties.  A  little  gas  and  oil  was  struck  in  this 
fiTmation  in  Essex  county,  and  a  higli  pressure  of  gas  obtained  in  one  well  drilled 
in  Welland  county.  Near  where  the  Trenton  outcrops  on  Manitoulin  island,  small 
quantities  of  oil  have  been  found  at  depths  of  from  150  to  250  feet. 

Utica  Formation 

This  formation  consists  of  dark  brownish-black  shales,  very  brittle,  interstratifi3d 
vith  occasional  beds  of  compact  brownish  limestone.  The  shales  yield  bitumen  by 
' I tst illation.  They  overlie  the  Trenton  and  have  a  thickness  varying  from  175  to  360 
feet.  The  upper  boundary  of  the  Utica  is  not  always  distinct,  as  the  Hudson  River 
&hale  that  overlies  it  sometimes  graduates  into  it  in  color  and  appearance. 

A  section  of  this  formation    in   ascending   order  gives  :»5 

Feet. 

"Black  brittle  bituminous  shale 19 

Black    bri**'*?    bituminous     shale     with     two    bandR    of    va)ir»w.w<»ntherin^    |imrts*o"r..    v^^i, 

within,   prohably   magnes'an.   and   fit  for  hydraulic   purposes 8 

Black   br'tt'e  bituminous  shale 23 

Black  brittle  bituminous  sha^e.  breaking  into  small  fragments  in  consequence  of  an  imper- 
fect cleavage  independent  of  the  bedding 11 

Black  brittle  bituminous  shale  with  Graptolithus  pristis 245 

Gray  hard  sandstone,  interstratifled   with   bands   of  black  shale 5 

Black  brittl?   bituminous   s!ialc.   iuierstratiflcd    with   beds  of    s.ii.d3'.onc 

3ii 
Hudson  River  Formation 

This  consists  of  greenish  and  bluish  arenaceous  shales  interstratified  with  dark 
gray  arenaceous  shales  and  light  gray  sandstone.  With  them  are  associated  some 
few  beds  of  arenaceous  conglomerate  with  calcareous  pebbles.  These  beds  vary  from 
^30  feet  in  thickness  in  Welland  county  to  350  feet  in  Essex  county. 

Medina  Formation 

The  gray  sandstone  of  the  Hudson  River  passes  into  the  red  sandstone  and  shales 
..vi    the  Medina.     A  section  of  the  Medina  in  Welland  county  gives  in  ascending  order: 

Feet. 

Bed   shales 830 

White  sandstone 18 

Blue  shales 12 

White   sandstone 10 

Bed  sandstone   and   shales     73 

'**    Geology  of  Canadi.  1863.  p.   137.        is  Oeology  of  Canada.  1863.  p.  198. 
'7   %f 
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Gas  has  been  found  in  three  horiioni  in  the  Medina,  namelj:  1.  la  tli»  «pp«r 
part  of  the  red  Medina  sandstone.  2.  In  the  upper  white  Medina  sandstone.  8.  In 
the  lower  white  Medina  sandstone. 

Clintoa  Farmafioa 

On  the  Niagara  river  the  Clinton  is  limited  to  a  few  feet,  but  gradually  augments 
in  thickness  to  the  northward.  It  consists  chiefly  of  thin-bedded  white  and  gray 
limestones.  Gas  in  found  in  one  horizon  in  the  Clinton  in  Welland  county,  name!?, 
about  ten  feet  below  its  surface.  Gas  and  oil  have  been  found  in  this  formation  in 
small  quantities  in  Ohio. 

Niagara  Formation 

The  Clinton  formation  is  generally  described  as  being  overlaid  by  the  blue  shslas 
of  the  Niagara.  These  shales,  however,  thin  out  and  disappear  to  the  northward,  and 
the  shales  are  therefore  included  in  the  Niagara. 

A  section  of  the  Niagara  seen  in  the  cutting  oi  the  Welland  oanal  near  Thorold 
is  as  foUows  in  ascending  order : 


Bluish  blaek  macneslan  limestone 10 

Gray,    ooarse-grained    sub-orystalline   limestone ^^ 10 

Bluish  black  bituminous  shale  with  thin  bands  of  impure  limestone 55 

Bluish    sray    arflrillaoeoaB    limestone     8 

Dark    blnieh    hitomlnoaB   limestone    8 

light  and  dark  graj  magnesian  limestone  in  beds  varjing  from  six  to  ten  feet  in  thlokness  26 

Bluish  bituminous  limestone  holding  many  fossllB,  prlnoipallr  corals 7 

114 

Quelph  Formation 

These  strata  consist  of  a  magnesian  limestone,  massive  or  thin-bedded.  It  is 
very  porous  with  small  drusy  cavities,  and  is  rich  in  fossils,  the  Megalcmus  Canadensis 
being  the  characteristic  one.  The  dolomites  at  the  top  are  bluish  in  color  succeeded 
by  win  to,  yellowish  white  and  grayish  white.  Gas  has  for  some  years  been  derived  fror.i 
the  upper  beds  of  the  Giielph  dolomite  in  E^sez  county,  but  oil  was  not  known  ti 
occur  in  any  quantity  in  this'  formation  until  1904,  when  it  was  struck  near  Lea* 
mington. 

Onondaga  and  Lower  Helderberg 

At  the  base  this  formation  consists  of  red  shales  occasionally  marked  by  green 
bands  and  spots.  This  first  division  is  overlaid  by  greenish  shales  and  marls.  These 
strata  abound  in  small  veins  and  nodules  of  gypsum  and  readily  disintegrate  when 
exposed  to  the  air.  The  third  division,  which  is  the  true  gypsum-bearing  portion, 
consists  of  gray  or  drab  colored  magnesian  limestones  with  grayish  and  greenish 
shales  including  two  ranges  of  interstratified  masses  of  gypsum.  The  upper  division 
IS  a  limestone  with  columnar  markings  on  the  surface  of  the  beds.  In  Canada  the 
Onondaga  formation  belongs  chiefly  to  the  upper  portion.  This  consists  of  dolomites 
and  soft  crumbling  shales  which  are  greenish  and  sometimes  dark  brown  or  bluish  in 
color  and  are  often  dolomitic.  The  dolomites  are  mostly  of  a  yellowish  brown  or  drsb 
color,  and  arc  in  beds  seldom  exceeding  a  foot  in  thickness.  Some  beds  of  bid* 
oolomites  are  also  met  with. 

The  lower  beds  of  this  formation  in  Lambton  county  are  made  up  of  what  we 
may  call  the  Salina.  In  some  sections  this  reaches  a  thickness  of  about  800  feet, 
composed  largely  of  salt  interbedded  with  dolomite,  the  salt  having  a  total  thftcknes 
of  some  700  feet. 

Oriskany  Formation 

The  Oriskany  sandstone  is  a  band  of  white  or  yellowish  rather  coarse  and  sharp- 
grained,  slightly  calcareous  sandstone,  varying  in  thickness  from  an  inch  to  thirty 
feet. 

7a  M. 
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Comiferotis  Formatloii 

This  formation  is  composed  largely  of  bituminous  limestones  holding  a  large 
amount  of  chert  or  hornstone.  The  lower  portion  consists  of  beds  of  a  light  gray 
l-.mestone.  The  upper  portion  is  a  limestone  of  compact  texture  and  varies  in  color 
from  drab  and  light  gray  through  different  shades  of  blue  to  black.  The  Ck>rniferoaB 
waa  until  very  recntly  the  only  oil-bearing  formation  in  southwestern  Ontario.  Oil 
has  been  found  in  one  horizon  in  this  formation  in  what  is  termed  the  ''lower  lime.'* 
litis  is  at  a  depths  of  about  65  feet  in  the  formation.  The  formation  has  a  total  thick- 
ness of  about  200  feet. 

Hamiltoii  Formatioii 

This  formation  in  New  York  state  is  divided  into,  in  ascending  order: 

(1)  Marcellus  shales,  (2)  Hamilton  group,  (3)  TuUy  limestone,  (4)  Genesee  slates. 

(1)  The  Marcellus  shale  is  a  black  or  brown  bituminous  shale  or  pyroschist,  often 
pyritiferous,  and  closely  resembling  the  Utica  formation.  The  lower  portion  contains 
thin  layers  of  dark  colored  impure  fossiliferous  limestone.  In  the  upper  part  the 
shales  are  destitute  of  organic  remains  and  lighter  in  color,  becoming  olive-gray  and 
passing  into  the  succeeding  formation. 

(2)  The  Hamilton  group  consists  of  a  series  of  olive-colored  or  bluish  calcareo- 
arenaceous  and  argillaceous  shales  weathering  £b  ash  gray  or  brown. 

This,   according  to  Mr.  Hall,  consists  in   ascending  order  of: 


Ollre  Bhales 80 

Coarse  grained  shales  with  a  hard  oaloareoue  stratum  at  the  top 40 

Bluish   and  ffrayish  bine  very  fossiliferous  shal'^^  with  large  nnmbers  of  atrypa,  spirifera 

and  ftrophomena 90 

210 

(3)  The  TuUy  limestone  is  a  blackish  blue  concretionary  fossilferous  stratum,  which 
bas  a  thickness  of  about  twenty  feet  in  the  eastern  part  of  New  York,  but  thins  out 
westward  and  disappears  before  reaching  lake  Erie. 

(4)  The   Genesee   slates    consist  (if  black  bituminous  shales,    very   similar    to  thfe 

Klarcellud  division. 

**At   Kingston's  Mills  in   Warwick  we  havo  896  feet  of  soft  gray  shales  and  soap- 
stones  of  the  Hamilton  formation,  while  in  the  valley  of  the  Thames  these  strata  d^ 
not  measure  over  250  to  290  feet,  showing  a  rapid  thickening  to  the  northward.     This 
augmentation  of  volume  of  essentially  calcareous  deposits  in  this  direction  might  hx>w- 
ever  be  expected  from  the  similar  thickening  of  the  Onondaga  formation." 

Portage-Chemung  Formation 

This  formation  is  made  up  of  dark  bituminous  shales  holding  in  places  large 
calcareous  concretions  and  also  much  iron  pyrites,  the  shales  being  offen  coated  with 
a  yellow  rust  of  oxalate  of  iron.  Exposures  aro  seen  at  Kettle  point  in  Bosanquet 
township.     There  is  no  record  of  these  hard  black  shales  having  been  met  with  in  any 

bcring  in  Enniskillen  except  in  those  unproductive  ones  to  the  north  of  Petrolea.  A 
great  similarity  exists  between  the  shales  in  the  upper  series  of  the  Hamilton  and  the 
lower  shales  of  the  Portage-Chemung. 

BORINGS  FOR  OIL  AND  QAS. 

In  the  following  pages  is  given  a  partial  record  of  boring  operations  carried  on 
in    those  counties   of   the    Province    which   have  proved   productive    of  petroleum  and 
natural  gas. 

Wetland  County 

Welland  county  is  the  most  easterly  county  in  Ontario  in  wMch  natural  gas  hi3 
been  found  in  commercial  quantities.  This  county  may  be  said  to  have  the  largest 
flow  of  gas,  and  the  most  lasting,  of  any  county  in  the  Province. 
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Gas  is  here  found  in  three  different  formations,  namely: 

a>  Clinton.     (2)  Medina.     (3)  Trenton. 

The  gas  in  the  Clinton  is  found  in  the  first  twelve  feet  of  the  formation. 

In  the  Medina  the  gas  is  found  (1)  in  the  npper  part  of  tUe  red  Medina 
stone.  <2}  in  the  upper  white  Medina  sandstone,  (3)  and  (4)  in  two  horiaona  in  th3 
kwer  white  Medina  sandstone,  about  twenty  and  thirty  feet  below  the  precedio,; 
Vorixon  in  the  upper  white  Medina. 

In  the  Trenton  the  gas  is  found  600  feet  below  the  top  of  the  formation,  at  a 
depth  of  2,330  feet  below  tide. 

The  old  Welland  field,  in  Humberstone  and  Bertie  townships,  has  been  described 
by  Mr.  Brumell,i<^  and  also  by  Mr.  Coste,'?  so  that  it  is  not  necessary  to  do  more 
than  give  the  logs  of  some  of  the  wells  by  way  of  comparison  with  those  of  the  new 
fields. 

The  following  logs  of  wells  drilled  by  the  Provincial  Natural  Gas  and  Fuel 
Company  give  a  good  idea  of  the  various  strata  which  underlie  this  field  and  tlie>r 
respective  thickness. 

Well  No.  61,  Lot  2,  in  4th  Con.  Willonghby  Township;  Elevation  610  feet. 


Formation. 


strata. 


ThicknesK.         Depth. 


hemark":. 


J/rift ..ClMy iHfiretto..   .  IS  feet. 

*moTni&mt Dolomite's  and  •mimics  with  KfP^nui  202  feel  to 220  feel . 

<iueiph  an*!  NiaffKra.  .  Grav  dolomites '. 220  feel  Ut 440  feet. 

Nijifnira  shal'.-w Bliitr  «}mle<> 'iQ  feet  tr» 490  feet. 

(HintoM Whit»i  llmirMon<-<i 30  feet  lo .V20  feet. 

M'-dinii Rfd  sand**tfinc  and  shaU-s 73  feet  to .MW  feet. 

W'Uiitf  sandstone 10  iv*'t  to Cita  feet. 

Blue  fjhale 12  feet  to «15  feet. 

Wliite  sand*- tone     I'^fei'tto t'lSlMeet. 

Re«l  sJ)al«'> SJO  feet  to I4ti3  feet. 

Hnd^in  Hivr    Klu«'  shale!! 717  fe<«t  to 21K)  feet. 

Utira Black  shales If^)  feet  to 2340  feet. 

Trenton Whiti-  and  jjniv  limestone* 070  teet  to 30J0  feet. 


Cah-iferr.iu.s (ivnv  ('(MirM*  .sandstonr 

Anrhean Whitr  qiinrtz 


ly  ii'et  to 3029  feet. 

I  i«.^»rto .'tfcio  feet. 


Salt  water  at  330  feet. 

A  little  gBfi  at  4a'>  feet  aii.\  h 
little  valt  water. 


Gm  At  2.940  feet   \,Q(jo  \v. 
T<K*k  pressure. 


Well  on  Lot  6  in  loth  Con.   of   Bertio  Township;  Elevation  605  feet. 


Fonnation, 


sifjita. 


Thifkiirss. 


Ih-pth. 


KenuvT-V^ 


Drift Cliiy 

OuondHjLTa I)«)loniit«'s.  jrray  and  nrnl»    hla«'k 

s^IihIo  and  jfvpMini 

Guelph  and  Nisijk'Jira.. .  Gniy  dolomite 

Niagara  .shah-.s     Bint;  shales 

Clinton Whitr  and  ^ray  liiiU'sion»'«'.   

Me<lina IWd  sandstone". 

BliU'  .shale 

Whih'Sjnidstone 

K«'d  shale.'* 

Ilndson  KivtT Blue  shales 

Utiea Black  shale** 

Trenton White  and  uray  linu->toii.s 

Caleifer«)ns Yellowish  sandstone 

Archean Mica  schist 


:^  feet  to 3S  ftH'l. 

^tO  feet  to 33J<  feet. 

2:^0  leet  to .'iOS  feet. 

TiU  terl  to r,2»  feet. 

32  feet  to CKio  feet. 

S;ifeetlo.    .    ..     713  fe«-t. 

l.'>  Jeet  to 758  feel. 

10  feet  to 774  feet. 

N'K)  feet  Ki.    .    ..  1624  feet. 

730  feet  lo T.VA  fwt. 

171  feet  to 25'Jo  feet. 

GS.T  feet  to.  .  .      .3210  feet. 

4')  reel  to 32.V.  feel. 

2  feet  t«; 3257  feet. 


Salt  water  i^ 
A  little  gt\>< 


A-.V^^*-^' 


A  littlo 


.vvV<=^- 


W(?ll  on   Point  Ahino,  Hei-tio  Township;  Elevation,  580  ffe^*- 


.•■«»r»inil  I'Mi 


Sir.Mtn. 


Thick  ne.s.s. 


Depth. 


S^' 


9^ 


Drift   

<'ornlleroM-. 

<niondnK'i    ■  . 

(iticlph  Mild  Niiirnrn, 

NIaKaia  •  hiilc- 
ClllltiMl 

Meflliiii 


Siuid  10  feet  to 10  feet. 

♦  Jriiy  linieHloiie^i  witli  Hint    82  feet  l<» 92  feet. 

(imy    and    dnth    dolomite,    hlue 

»'hiile.HHnd  KM***'!"! 288  feet  lo 480  fect, 

'iriiv  dolomite-.  .    .                        235  fet-t  to 715  feet 


...  Blue  ^hMle•    . 
...  While  llriic'loiii 
.    .  I(<'d  ••niiditoiie 

llliii*  NhnJe 

While  MindilolM 


fS0tfl,  Htir    r,:tu  .    Dm  l.    p:i«"    .^30. 


fvi  feel  to I  770  U^t . 

30  feet  to KK)  fec't. 

80  feet  to h80  feot. 

13  feet  to 893  feet. 

17  feet  to 910  feet.. 


V^S 


Nf 


'^ 


.  C» 
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Gfts  is  found  at  667  feet  in  the  white  Medina  sandttone,  harinc  a  flow  of  60,000 
feet  per  day. 

A  comparison  of  the  logs  of  the  last  four  wells  shows  the  sereral  strata  to  htve- 
a  respective  thickness  in  feet  as  follows: 


ClAJ- 

LimcAtiUMr  and  ihiil«i> 

Gr»y  dokjmite 

Blae  Khftlei 

iK^omJu: I 

Oimy  ahalcA I 

S^n*bsu*nt^.  red 

Gr»y  hhalei 

.Saudstone,  whit4f 

Red  &hAlea 


No.  1 

No.  2 

NaS 

No.  4 

56 

56 

100 

144 

800 

290 

HB 

171 

ISO 

140 

•  •  • 

160 

40 

40 

45 

45 

25 

8S 

2S 

35 

40 

40 

48 

60 

40 

30 

48 

25 

17 

20 

10 

•J2 

UO 

56 

26 

,  • 

All  of  the  wells  were  put  down  to  the  red  shales  and  there  left  unfinished. 

1r  comparing  the  logs  of  the  three  wolb  given  in  Haldimand  eounty,  and  the  log 
of  well  on  lot  31,  concession  5,  Wainfleet  township,  all  being  practically  on  a  line  running 
east  and  west,  and  the  wells  on  tile  extremities  of  this  line  being  sixteen  miles  apart, 
wf-  find  the  depth  oP  the  white  Medina  sandstone  in  which  the  gas  is  found  at  depths 
oi  *J(>7,  656,  582  and  640  feet  respectively  from  west  to  east,  or  51,  53,  6  and  60  feet 
respectively  below  tide.  This  shows  that  between  wells  2  and  4  there  is  a  slight  anti- 
cline. Well  No.  3  is  in  the  Attercliffe  field.  Tliis  field  is  therefore  on  an  anticlip*^ 
fjaving  a  total  hf'ight  of  about  60  to  65  feet.  Sufficient  logs  were  not  obtained  to 
uet^rmine  its  axis  or  dip. 

Some  welLi  have  been  drilled  in  the  town  of  Dunnville.  gas  being  obtained  in  smsil 
quantity  in  nearly  all.  One  well  put  down  by  citizens  in  the  tcwn  averaged  a  pressure 
ot  W)  \\t.  for  seven  months.  Gas  is  found  here  in  the  White  Medina  sandstone  at  a 
aepth  of  bOO  feet. 

The  strata  in  this  county  dip  uniformly  to  the  south  thirty-one  feet  to  the  mile. 

Gas  is  piped  by  the  Dominion  Natural  Gas  Company  from  their  wells  in  Haldi- 
man<i  to  Hamilton  and  Dundas,  a  pressure  of  60  lb.  being  obtained  at  Duiidas.  The 
main  pipe  line  is  an  8-inch  line  running  from  Canfield  in  Cayuga  township  through  to 
Seiieca  t'wnship.  and  the  small  towns  of  Blackheath,  Binbrook  and  Rymal  to  Hamilton. 
Another  small  line  carries  it  from  Hamilton  to  Dundas.  Smaller  pipe  lines  from  th.* 
crmpany's  wells  in  Cayuga  and  Canborough  supply  the  main  line.  Gas  is  also  pip^i 
to  Dunnville  by  both  the  Dominion  and  Citizens'   Natural  Gas  Companies. 

Brant  County 

Explorations  for  gas  in  this  county  were  carried  on  in  1888,  and  two  wells  were 
drilh-d.  one-  being  put  down  to  the  Trenton.  The  boring,  however,  as  far  as  has  been 
recorded,  was  unsuccessful.  In  1903  drilling  for  gas  was  again  undertaken  in  the 
city  of  Brant  ford,  and  six  or  seven  wells  were  put  down,  four  being  on  the  Cockshuti 
propjTty.  A  strong  flow  of  gas  was  obtained,  and  used  in  the  furnaces  of  the 
Cockshutt  nianufacturing  works.  The  pressure  after  some  time  began  to  lessen  until 
i\u>  supply  was  not  sufficient  to  keep  the  furnaces  going.  It  was  then  found  that  oil 
bad  oozed  into  two  of  the  wells.  These  are  now  producing  about  eighteen  barrels 
per  moiitli.  In  one  well  drilled  by  the  Coekshutts  a  pocket  of  gas  was  struck  which  at 
tirst    violdtMl    77:..(M)n  cuhit  feet    per  day,  diminishing  to  12,000  to  16,000  feet  per  day. 

Lo^  oi  Cockshutt   well  No.  3: 

Surijici-  Ff«'t 

>»mtl>  lii:i-n  .... 

\V!i«»h  finivrl  

<'l««.v  .... 

(jllii'ksjllnl  

Iliini  pnii 
I.iinrMtotii'.  iVi-  . .  ... 

Hliu'k  sliiiN'M. 

|)olMiiit|t>  .  ... 

It***!  vliiih'N, ...  .... 

Unix    Mllillr.v    .  .  ... 

SiltulNfMiir 
Kill  HliiilrH. .    . 


3 

40 

L'l 

11 

jss  (luelph  and  NiiiKiim 

45 

Niafmra  shuies 

12 

(.^uton  sand 

45  Medina 

if» 

-JO 

•t 

8S 

•t 
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Gas  and  oil  are  found  in  the  Medina  sandstone  at  a  depth  of  512  feet. 

Record   of   well  drilled   by   Gould,  Shapley  and  Muir  Co.,    on   Wellington    street  ^ 
Brantford : 


Feet 

8arfao9 0—61 

LimeeUme.    etc 61 — 360 

Black  ebalee 360—405 

Dok>mit« 40&-425 

Bandstone*  red 42S--460 

Blue  ehalee 460—490 

Sand    rock 490—605 

Sandstone,    white 505—615 

Bed    ehalee 515—670 


Feet. 

Onelph    and    Niagara 299 

Niagara    shales 45- 

Ollnton 2Xy 


Medina. 


f« 
«< 


«« 
«« 


30 

16 

10 

15& 


Gas  was  struck  at  a  depth  of  610  feet,  and  according  to  the  record  obtained  from 
the  driller,  in  the  Medina  red  shales,  100  feet  below  the  horison  in  which  the  gas 
»8  found  in  other  wells  in  this  district.  The  rock  pressure  at  first  was  265  lb.  The 
well  is  now  flowing  15,000  cubic  feet  per  day.  It  is  altogether  probable  that  as  the  gas- 
pressure  decreases  in  this  well  oil  will  begin  to  come  in. 

The  discovery  of  gas  and  oil  at  Bow  Park  Farm,  two  miles  southeast  of  Brantford 
is  described  in  the  Thirteenth  Report  of  the  Bureau  of  Mines.     Development  work  has 
leen  steadily  going  on  since  that  time  and  ten  wells  in  all  sunk,  one  of  them  bein^ 
put  down  to  the  Trenton. 


Medina. 


Log  of  well  No.  4  on  Bow  Park  Farm: 

Feet 

Snrf ace 0 —  72 

Limestone,  etc 72—365 

Black   sha'es  ...  366— 415 

Dolomite 4J5— 430 

Bed   shales 430-475 

Blue  shale 475—505 

Gray  sand   (hard) ....     505—625 

Sandstone,   white 525—532 

Bed  shales 532—624 

First  eras  struck  at  420  feet  in  the  Olinton. 

Second  gas  struck  at  530  feet  in  the  Medina  white  sandstone. 

Oil  struck   at  542  feet  in  the  Medina  red  shales. 

The  logs  of  the  wells  drilled  on  this  farm  are  very  similar,  the  greatest  variatio'i 
being  in  the  thickness  of  the  whito  Medina  sandstone. 

Logs  of  wells  No.  6,  7,  8  and  9  on  Bow  Park  farm : 


Feet. 

Onondaga,   Ouelph    and  Niagara 293- 

Niagara    shales....     50 

Olinton Ifr 

45 

30 

20 

7 

;.     ....     92 


Surface 

Onondaga.  Guelnh  and  NiaKara  limi'stoni.' 2*.»2 

Niagara  black  snalcf* 

Clinton  dolomite 

Medina  red  shaluK 

Medina  blue  nhales 

Medina  gray  sand 

Medina  sandHtono,  white 

Medina  red  shales 


No.  ♦; 

No.  7 

No.  8 

No 

ft. 

ft. 

ft. 

ft. 

S7 

45 

91 

97 

•>M2 

276 

300 

290 

•15 

45 

45 

45 

•JO 

15 

23 

'23 

:» 

30 

31 

35 

30 

35 

30 

35 

'20 

25 

30 

16 

13 

10 

•  •  •  • 

11 

111 

135 

203 

80 

A50 


i516 


753 


630 


In  No.  6  gas  was  struck  at  430  feet  in  the  Clinton,  and  at  538  feet  in  the  Medina 
^hite  sandstone.     Oil  was  struck  at  590  feet  or  63  feet  in  the  Medina  red  shales. 

In  No.  7  a  very  small  flow  of  gas  was  obtained  at  479  feet  in  the  Clinton. 

In  No.  8  a  flow  of  gas  was  obtained  at  439  feet  in  the  Clinton.  From  the  log  it 
is  seen  that  the  Medina  wUite  sandstone  is  entirely  lacking  in  this  well,  which  will 
(account  for  no  gas  being  found  below  the  Clinton  in  the  depth  drilled. 

In  No.  9  gas  was  found  at  436  feet  in  the  Clinton  sandstone,  and  at  549  feet  in 
the  Medina  white  sandstone.    Oil  came  in  60  days  after  the  well  was  drilled. 

This  field  is  similar  to  the  Dunnville  and  Attercliffe  field  in  that  the  gas  is  obtained 
from  the  Clinton    and    white    Medina    sandstone.       The    chief    supply  of  gas  comes 
from  the  latter,  the  top  of  which  is  at  an  average  depth  of  530  feet  or  about  150  feet 
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of  an  olovatioii  above  tide.  Th<»  top  of  the  white  Medina  fandstone  in  the  gas  dis- 
trict of  Haldimand  county  is  found  at  an  ehnation  of  about  45  feet  below  tide.  Thero 
's  therefore  a  difference  in  elevation  of  alwut  19o  feet,  or  a  uniform  dip  of  the  while 
Medina  sandstone  to  the  south  of  nine  to  ten  feet  per  mile. 

The  Trenton  formation  is  struck  on  Bow  I'ark  Farm  at  a  depth  of  1,930  feet  or 
•n  elevation  of  1,250  feet  below  tide.  The  Trenton  is  encountered  in  Welland  county 
at  an  elevation  of  about  1,7.50  feet  or  500  feet  lower  than  at  Brantford,  showing  the 
lienton  also  to  have  a  south  and  southeasterly  dip,  with  some  of  the  lower  strata 
increasing   in   thickness  in  a   southeasterly  direction. 

The  gas  from  the  wells  at  Bow  Park  Farm  lias  biH>n  piped  to  Brantford  and 
lcas'.»d  to  the  Imperial  Natural   Gas  Company,  who  supply  the  city. 

Tw(^  or  three  of  the  wells  have  lu»en  shot,  but  the  How  did  not  appear  to  be  in- 
creased. 

The  Provincial  Natural   Gas  Company  drilled  three  holes  northeast  of  Bow  Park 
but  nothing  whs  struck. 

Norfolk  County 

F('l!owii»ir  is  tb.e  record  of  a  wel!  drilled  at  Port  Howan  in  the  county  of  Norfolk: 

J)epth.  Formation.                                         Color. 

0—  300     Surface    Olay. 

?oo       ." '     CorniferouH  dray    limimtono. 

363 —   440  "  Grayish-blue  limestone. 

440—   470  "  Dark    brown. 

470—   564  "  Bluish    grray. 

564—   585    Corniferous    or    Oriskany     White   and   bine  grranalar  limestone. 

585—1.020    Onondaga .(;r<vigh-bii'c    d'^'^m'ttt. 

1.020—1.310    Niapara White   sngary   limestone. 

1 .310—1,320    Clinton Drab   and   arfrillaoeons  limestone. 

1,320—1.460    Medina ..Red    and    blue    sandstone. 

Elgin  County 

Drilling  frr  oil  was  first  b»'jrun  in  Uiis  county  about  forty  years  ago.  About  oi^ht 
years  ago  a  deep  well  was  drilb-d  at  St,  Tlionias  to  a  dei)tb  of  3,030  feet.  A  very  little 
gas  was  found  in  the  i\T»»ilina.  but  salt  water  wns  encountered  and  the  well  was  of  no 
importance.  About  the  .same  time  drilling  was  bej^im  in  the  township  of  Diiiiwith 
about  20  miles  west  of  iSt.  Thomas.  This  is  the  Dutton  field  and  is  about  five  miles 
south  of  the  village  rf  that  name. 

T1m»  field  (onipriscs  in  all  about  4()()  acres,  and  \')\  wells  have  be<»n  drilled  in  i^- 
68  welU  by  t  be  KIginfield  Oil  A:  Gas  Developing  Co.,  73  wells  by  tlie  Beaver  Oil  Co.,  and 
13  by  tlie  Talliot  Oil  Co.  The  oil  i.s  found  in  the  Corniferous  at  a  depth  in  it  of  I'''' 
to  l".')  lei't.  The  best  wells  are  obtained  when  tip'  Corniferous  is  struek  245  to  2o(.> 
feet   fn  m  the  surface. 

Log  of  a  well  of  the  P^lginfield  Oil  A-  Gas  Co.  : 

Snrfftce 'JCH)  feet 

HlMck  shales  i;-7  feet  ) 

H'lrd  I.1II  \  llumiltoii 

BliH' clay  / -»Kiij 

Lim<'.vtime  170  fret-- CornihTou.s 

Total  dfpth    40-j  foei 

Oil  was  struck  at  a  depth  of  lOO  feet  in  the  Corniferous,  and  9  feet  of  oil  rock 
passed  through. 

Log  of  wells  drilled  by  the  Heaver  Oil  Co. : 

SurfiK'O   2i>v  Irt't 

Lime  (Kray  shuU-.s; •.»:>    ••    -Hunillton 

Lime.stone 187    -    -ConiiferoiLS. 

Total  depth TlO  feet. 
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Oil  found  at  175  ieet  in  the  C  orniferous. 

P  et. 

8ur  ace 208 

Lime    (ahalet) 27Hamilton. 

Llmeflione l72CJorniferous. 

Total    depth ^0* 

Average  of  16-18  feet  cf  "(■iittin<?s"  (oil  rocks.) 
Some  wells  have  no  shale  overlying  th'»  Corniferoiis. 

Pect 

Surface 183 

Limestone 167  CornfTerou*. 

The  best  wells  in  the  field  are  found  where  there  is  25  to  30  feet  of  shale  overlying 
the  Corniferous  lime.  It  would  thus  appear  that  there  is  a  series  of  auxiliary  anti- 
•  fine's    running  through  the  field. 

Tlfce  wells  in  the  Dutton  field  are  different  from  those  in  the  Petrolia  field, 
Altiiough  oil  in  both  fields  is  found  in  the  Corniferous.  In  the  latter  field  oil  is 
struck  (55  to  70  feet  below  the  surface  oi*  the  Corniferous,  while  in  the  former  oil  la 
lound  from  16(1  to  170  feet  in  it.  The  wells  are  similar  to  the  Petrolia  wells  in  that 
«bej  are  small  but  steady  producers. 

All  the  wells  are  shot   witR  fifteen   quarts  uf    nitro-glycerine. 

TiOg  of  ;i  well  twenty  miles  west  of  Duton  at  Clearville : 

P.et. 

Burface l67 

Soap    (ihalefl) 183Hamilton. 

Limeitone ■     165  Corniferous. 

Salt  water  was  struck. 

In  the  eastern  part  of  this  county  a  few  wells  were  drilled  in  1903  which  produce  J 
somj  oil. 

Log  of  well  near  Aylmer,  township  of  Malahido: 

Surface  clay,  sand  and  gnivel 247  fwi 

Corniferous  lime 1«W    *' 

A  little  surface  oil  was  struck  at  247  feet,  and  also  a  little  at  278  feet.  At  386 
feet,  or  139  feet  in  the  Corniferous,  oil  was  found  which  yielded  three  barrels  per  day. 
This  is  a  very  light  oil  with  a  gravity  of  41  degrees  Baume. 

Kent  County 

Many  wells  have  been  drilled  in  this  county  in  search  of  both  gas  and  oil,  priu- 
fipally  in  the  years  following  tlie  discovery  of  oil  at  Petrolia  and  Oil  Springs,  also  in 
latter  times  in  search  of  gas,  so  far  unsuccessfully  except  for  small  quantities. 

The  Bothwell  field  is  probably  thse  most  steady  producer  of  oil  of  any  field  in  tho 
county.  It  is  situated  in  the  northern  part  of  Zone  township  between  the  Grand 
Irunk  Railway  and  the  Thames  river,  about  two  and  one-half  miles  west  of  the 
village  of  Bothwell.  The  Walker  Gas  and  Oil  Company,  Windsor,  and  Fairbanks  and 
Carman,  Petrolia,  are  the  principal  operators.  The  former  company  have  sunk  about 
ninety  wells  having  an  average  depth  of  G(J(J  feet.  These  wells  produce  15,(XK)  barrels 
of  oil  a  year,  and  the  production  is  said  not  to  depreciate  more  than  two  per  cent, 
each  year.     To  offset  this  four  new   wells  are  put   down  each  year. 

Well  at   Bothwell: 

Feet  Kcet. 

Surfaoe 155 

Soapetone ^i  ^  ^ 

Shale,    black 4  .  Hamilton 67 

Soapitone ^?  i  ^ 

Limestone 141    Oomiferoui 
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The  total  number  of  producing  wells  it  from  250  to  300,  but  new  ones  are  con- 
tinually being  sunk.  The  yield  of  oil  is  from  6,000  to  6,000  barrels  a  month  for  the 
whole  oil  field. 

Log  of  well  at  Bothwell: 

1>tpth. 
Feet.  Feet 

Qaioksand 1&— 16 

Olay 46—60 

Banning    Grayel P6— 1^5  i  q_^-^^  ,-- 

Clay 10-166  •  ^'*''*^*  »^ 

Qviekiand 5 — 160 

Hard  pan    7—167 

Middle    lime    10—177  i 

fSS,'**!"'::- .:•  ::;:   'tiJoi  «"»"»°" » 

Cx>wer   lime    178—381     Comiferons. 

Some  water  and  oil  obtained  at  210  feet;  began  to  show  oil  at  from  345  to  350 
feet,  but  from  365  to  376  feet  the  limestone  is  quite  coarse  and  oil  washes  out.  The 
well  was  shot  with  sixteen  quarts  of  nitro-glycerine  from  365  to  376  feet.  Oil  is 
therefore  found  in  the  Comiferous  at  a  depth  of  188  feet.  The  Hamilton  formation 
in  this  fi('ld  has  been  greatly  eroded,  being  about  200  feet  less  in  thickness  than  st 
Petrolia  or  Thamesville. 

At  Thamesyille  about  seven  miles  west  of  the  BotHwell  field  a  number  of  wells 
have  been  put  down,  yielding  oil  in  some  cases.  Dr.  Hunt  gives  the  log  of  a  well 
at  this  place  as  follows: 

Feet 

Olay 60 

Gray    shale,    etc 240  Hamilton. 

Gray    llmeatone 32  Oomif erons. 

Oil  was  found  at  sixteen  feet  in  the  Comiferous. 

Another  well  drilled  recently  by  Messrs.  Fairbank  and  Company  of  Petrolis  giros 
the  log  as  follows: 

Feet.  Feet 

Sand 4—    4| 

Blue  clay    50—64   ^-   Surface    69 

Stonee    15—  69 

Black    shale    10—79 

Top    rock     40—119   , 

Soap    130—249   f   Hamilton 23* 

Middle    lime    14—263  | 

Soap     .    ,       33—296  ' 

Lower  lime    146 — 442        Comiferous. 

Oil  and  gas  were  found  at  depths  of  3oG  and  427  feet,  or  at  60  and  131  feet  ii» 
the  CorniffTous.  This  well  is  almost  identical  with  wells  drilled  in  the  Petrolia  field 
with  the  exception  of  a  smaller  thickness  of  surface. 

On  lot  19  in  the  fifth  concession  of  Dover  township  near  Chatham  a  well  has  been 
put  down  to  a  depth  of  500  feet. 

Feet.  '^ 

Sand    15 

Clay     50 

Shale 60    ; 

Top    rock    40    '  «« 

Soap    120    f-   Hamilton     ....  x^o 

Middle    lime    16    1 

Lower    soap 35  -^ 

Lower    lime    105  ^  .gi 

White  sand   rock 45    l  Comiferous    •  • 

Dark   sand  rook    17  J 

Salt  water  was  struck  at  350  and  400  feet  respectively. 
igOeol.  Survey  of  Canada  1863,  p.  247. 
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Another  well  which  Mr.  H.  P.  H.  Bnimell  deecribes^o  was  drilled  one  mile  north- 
west of  the  Grand  Trunk  Railway  station  at  Chatham : 


Teet. 

Bnrf aoe   day 60 

Shale,  black 118 

Soaiwtone 200  ) 

Limestone  (middle   lime)    18  r  Hamilton. 

8oai>stone 37  ^ 

Limestone 567       Clomiferous. 


Part  of  this  black  shale  is  likely  to  belong  to  the  Portage-Chemung.  The  Hamilton 
averages  about  30  feet  in  thickness,  and  the  upper  black  shales  of  the  Hamilton  and 
lower  shales  of  the  Portage-Chemung  are  very  similar.  The  record  given  shows  the 
limestone  below  the  Hamilton  to  have  a  thickness  of  567  feet.  This  is  a  greater  thick- 
ness than  has  been  found  in  the  Corniferous.  The  lower  layers  are  therefore  in  all 
probability  a  dolomite  belonging  to  the  Onondaga. 

Oil  was  struck  in  a  well  on  lot  18  in  the  twelfth  concession  of  Raleigh  township 
in  November  of  1902.  This  well  was  called  the  ^^Gurd  gusher"  and  produced  during 
its  flowing  period  about  1,000  barrels  per  day.  Many  wells  were  drilled  in  the  vicinity, 
hut  with  little  success.  At  the  present  time  there  is  nothing  being  done  in  the  field. 
The  "gusher"  ceased  to  flow,  and  pumping  has  been  stopped. 

This  field  is  described  by  Prof.  Miller, ai  from  whose  report  the  following  log  has 
been  taken.      The  well  is  on  lot  19,  concession  14,  township  of  Raleigh. 

Feet.  Feat. 

Boulder    day    1»4 

Shale     to  205 

Limestone   (argrillaceous)    to  211     i 

Shale    to  240     j 

Limestone to  246      .   Hamilton    94J 

Shale .    .  to  247     i 

Limestone   (middle  lime)    to  249     | 

Shale to  278i  J 

Limestones,     very     slightly     argilla- 

ceons    to  511         Corniferous 232J 

The  last  is  called  the  **big  lime"   or   "lower  lime." 

The  Wheatley  field  in  the  viiinity  of  Wheatloy  village  in  Roniney  township  is  a 
small  produt-er.  The  United  Gas  and  Oil  Company  have  four  wells  on' lot  11  in  the 
second  concession,  which  yield  an  average  of  ten  barrels  per  day.  These  wells  are  sunk 
to  a  depth  of  1,298  feet.  The  water  is  shut  off  at  a  depth  cf  595  feet  in  the  Niagara. 
^Vbout  400  feet  of  salt,  called  by  the  drillers  the  "big  salt"  is  also  obtained.  A  very 
liard  gray  limestone  overlies  the  oil  strata.      The  oil  is  found  in  the  Guelph  formation. 

Lambton  County 

This  county  has  been  for  many  years  the  foremost   wnd  was  for  some  time  the  only 
€>il  producing  district  in  the  Dominion.     The  Petrolia  and  Oil  Springs  fields  have  been 
fully  described  by  Mr.  H.   P.   H.   Brumell,^^  consequently  the  writer  will  confine  him- 
self to  a  brief  mention  of  the  more  recent  operations  in  the  county. 

Mr.  Brumell  writes  as  follows: 

"The  oil  of  Lambton  county  is,   in  the  main,  obtained  from   two  distinct  pools 

lg:jiown  as  the  Oil  Springs  and   Petrolia  fields,  both   in   the  township  of  EnniskiUen. 

^  le  larger  of  the  two — ^the   Petrolia   field — with*  an   approximate  area   of  twenty-six 

uare  miles,  extends  W.  N.  W.  about  nine  miles  and  E.  S.  E  about  four  miles  from 

village  of  Petrolia;  while  the  Oil  Springs  field  covers  about  two  square  miles  and 

azicludes  the  south  eastern  par{  of  the  village  of  Gil  Springs." 

A  new  field  can  now  be  added  to  these  two,  which  bids  fair  to  become  a  good  pro- 

J  tic-er.     This  is  the  Moore  field,  and  comprises  approximately  lots  1  to  5  in  the  ninth, 


*<>  O.  8.  0..  1890-91  Bcport.  p.  73  Q  21  Thirteenth  Bep.  Bureau  of  Mines,  1903,  page  40. 
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tenth  and  f.-it*%o..iii  coiKossions  of  tho  lownNhip  ol'  Moore.  The  host  Mells  are  lo< 
rn  lots  3  and  4  in  the  ninth  and  tentli  concessions.  This  field  was  opened  up  b; 
Moore  Oil  and  Cxas  Company  in  July,  19<)4,  and  is  about  four  miles  west  of  Peti 

Log  of  the  Davis  well  drilled  by  the  Moore  Oil  and  Gas  Company  on  lot  3  in 
tenth'  concession  of  Moore  township  near  TTie  old  Sarnia  plank  road: 

Feet.  F 

Surface  148 

Top    rock    (upper   lime)     45  i 

Shale    (upper   8oap)  125        Hmii  Ion    

Limestone    (middle    lime)        15  1 

Shale    (lower   soap)    47' 

Limeitone    (lower    lime)      Ill        C  ).niferou8. 

Total    depth    491 

Supply  of  gas  struck  at  4(K)  fo<»t.  Oil  struck  at  445  to  4.5<)  feet  at  a  depth  of 
to  70  feet  in  the  Corniforous. 

This  well,  which  was  tlie  second  well  in  the  field  drilled,  started  out  with  a  f 
auction  ol    KK)  barrels  per  day. 

Log  of  well  drilled  by   Fairbanks  and  Carman : 

Feet.  Fee 

Surface    143 

Top    rock 48 

Soap 130    1 

Middle   lime  15    '.Hamilton                                                             24 

Soap     42     ; 

streak   of    lime    3    i 

Soap A     '      r^  '• 

Lower   lime 68       ConuferouB. 

The  Corniferous  lormation   was  encountered  at   a   depth  of  3S4   fret,   and  oil  f 
at  395  feet  and  410  feet. 

Details  of  the  Corniferous  formation  in  the  al)ove  well  are  as  follows: 

Feet. 

395  Crystalline   liuies^one. 

400    .    . Gray. 

402J.  Oray. 

405    . .  (Iray,   no    oil. 

4074  Soft. 

410  Rock   well   browned   up  with  oil. 

412    .  Gray. 

41 7i  CryBtaliine. 

422J  Soft,   browner,    more   crystalline. 

425    .  (tray,    oil    came    in. 

4274  Hard. 

430  ^rown    and   sandier. 

437J Crystalline. 

The    MtK>re    field   is   quite   clearly    defined   by   a    Mack   shale  which   is    f« 
ea.st  and  west   of  the  field  at  depths  of  127.  10<)  and  132  feet   respectively, 
the  top  rock  is  at  a  depth  of  147  to  1")4  feet.     No  producinji  well  has  been 
the  black  shale   overlies  the   top   nek.     The   '  lower   lime"    in   the  wells   o-si 
the  field  is  met  at  a  >:reater  depth  than   in  the  miiUlle  of  the   field,  provi- 
ciusively   tlie   presence  of    an    ennled   anticline.      Tliis  black   shale  is  m    a 
*.he  upper  strata  of  the  Hamilton,  which  at  Petrolia  ass\iines  a  thickness    * 

Ntirth   of  the  tield.   wo  shale  is  lound  overl>ini:   the    "top   rock"    for 
*'"ini:   wells   have   btvn    liHattd.      It    lia^   been   thought    tV 

'»ntbeast,   but   ill  tlii^   tield   it    runs  rat"^ 


-■«  1 
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Another  field  in  the  southiern  part  of  the  county  in  Euphemia  township  is  a 
small  producer.  Very  little  is  being  done  here  at  present,  but  a  I'ttle  oil  is  beir.^ 
pumped. 

The  log  of  a  well  in  this  township  gives: 

Feet. 

Surface 53 

Hamilton    214 

Comiferons    93 

Oil  is  found  in  the  Comiferous  at  depths  of  90  to  100  feet. 

According  to  Mr.  Co8te>4  oil  has  also  been  found  in  the  Oriskany  sandstone,  which 
underlies  the  Comiferous,  in  this  field.  This  is  the  only  record  we  have  of  oil  haviog 
bc-en  found  in  this  formation. 

Log  of  well  drilled  by  Fairbanks  and  Carman  in  Euphemia  township: 

Feet.  Fwt. 

Surface   day    48 

Top   rock     50    I 

Soap    130    '    Hamilton     218 

Middle   lime    20    ( 

Soap    18  ^ 

Lower    lime    120       Oomiferous.- 

Oil  is  obtained  at  about  100  feet  in  the  '^lowcr  lime.'* 
Log  of  well  drilled  in  the  township  of  Dawn: 

VviiX . 

8urfa(T  clav 3« 

Streaked  witJi  liiin- 20  ^ 

soap 12K  I 

MMdlellme 20  1     ...Hnmilton  l«9fwt. 

Soap 2o  j 

Lime 4 

Soap 2 ,/ 

I^w  er  lime 100 Corniferoiw. 

Oil  was  struck  at  a  depth  of  87  feet  in  the  Corniferous. 

Essex  County 

Explorations  in  this  county  until  very  recently  have  been  mainly  in.  search  of 
natural  gas,  which  was  first  proved  to  exist  in  this  county  in  large  quantities  i» 
January,  1889.  Many  wells  have  been  drilled  in  various  parts  of  the  county,  chiefly 
in  the  district  between  Kingsville  and  Leamington  and  in  Colchester  township. 

Probably  the  largest  flow  of  gas  obtained  from  any  well  was  from  Coste  well  No 
1  ill  the  northwest  corner  of  lot  7  in  the  first  concession  of  the  township  of  GosfieW, 
vhicli  is  thus  described  by  Mr.  Coste: 35 

Soil Ofec'ttfi    .Sfei't. 

Drift.  KFRV  fsand 5        ■    T20     * 

Brown  muJ  ^ray  doloinitie  liin(«toii(^s.  with  ! 

Kyiwuin  and  with  white  and  black  flint.      12J)       "    'uro    *'      I 
Gray  blue  and  shaly  dolomites  and   drab  . . . . Onondaiira  900  feet. 

l>rown  dolomites  with  a  kochY  deal  of  I 

cypsum r>()0      '•    sfio    *•     ' 

Dark  bn>wn  dolomites  and  |k'V|>!*um  (with 

crvT'SUin  »M'd  from  970  to  9.S.')) SiVO        ■  HKO    " 

(Jray  blue  erystulliiH'  vi-sifular  dolomite. . . .     10i»0       "1031      '     Gnelph  11  foet. 

A  little  gas  was  got  at  910  feet  and  930  feet,  but  a  large  quantity  at  1,020  feet  or 
at  362  feet  below  tide.  The  flew  of  gas  from  this  well  measured,  after  being  first  brought 
in,  10,000.000  cubic  feet  per  day. 

A  complete  log  of  the  measures  underlying  this  county  was  obtained  from  a  we 
dHUed  by  the  Provincial  Natural  Gas  and  Fuel  Company  on  lot  64  in  the  first  con- 
ception of  the  township  of  Colchester  South ;  elevation  648  feet. 

-  *«-inial  Oan.  Ifln.  Inst.,  Vol.  VI..  pajre  110. 
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Formation. 


Strata. 


Thh-kiu-Ks. 


r»rift  Sand  'H)  foot  to 

QiiickKand  «u     •'     . 

OncmdaffH Gray  and  brown  dolomitie  lime- 
stone with  flint  and  gypsum....   67 

White  flne  sharp  sand 10 

White,  gnty  ana  brown  dolomites 

with  white  and  black  flint  and 

with  fryp^u™ '-203     '* 

GrtLYf  hiue  and  brown  dolomitcK 

(mostly  shaly  with  a  good  deal 

of  gypsum),  shaly  group 370 

Gurlph    and     NiagiirH  Blue,  white,  gray  and  brown  dolo- 215 
215  feet  mite,  quite  crystalline  and  very: 

porous.  I 

Clinton  155  feet Wnite  and  white  blue  limestone. . '  155 

Medina  28.')  feet Gray  blue  shale 7 

"  Gray  blue  limestone 5 

Green  shales m 

i  Red  pink  shales 5 

I  Gray  blue  unctuous  shales fVi 

Gray  bine  and  white  sandy  lime- 

Rtones 62 

Red  pink  shales 110 

IIutls«.iii  Kivor Gray  blue  lime  shales  with  Khell.«< 

ol  ;llme 3-'i0 

rticH Brown  and  black  shales 235 

Trenton White  and  dark  gray  limestones. .  270 


Depth. 


20 
110 

177 
187 


890 


760 
1,125 


1,280 
1,287 
1.292 
1.300 
1.305 
;l.393 

!  1.455 
1.565 

1.915 
2,150 
2.420 


fee!. 


it 


II 
li 


•I 
it 
It 

i. 


Remarks. 


;Salt:  black  salt  water  at 
910  feet  and  again  at  1,010 
feet. 

Mort>  salt  water  at  1  282  feet 


A  little  gas  and  oil  at  2.1£0 
fwt . 


Mr.  Coste  points  o\it^4  the  principal  features  revealed  by  thJB  drilling  in  this  count) 
to  be  as  follows: 

"1st.  In  the  south  and  southeast  part  of  the  county  of  Essex  along  lake  Erie  the 
first  stratum  met  with  under  a  heavy  sand  drift  is  the  Onondaga  and  not  the  Cornifer- 
ous,  as  it  was  supposed  and  as  .shown  on  the  geological  maps. 

"2nd.  Between  the  Coste  well  No.  1  and  well  No.  3  of  the  Ontario  Natural  Gas 
Company,  in  a  distance  of  three-quarters  of  a  mile,  there  is  a  dip  of  80  feet.  This, 
as  shown  by  the  logs  of  other  wells  between  these  two,  is  due  to  a  fault  in  the  strata 
running  in  a  direction  W.  N.  W.  and  E.  S.  E.,  and  passing  only  a  little  to  the  north 
of  Coste  well  No.  1.  The  logs  of  other  wells  to  the  west  of  Coste  well  No.  1  have  also 
revealed  another  fault  running  a  short  distance  west  of  that  well  in  a  direction  at 
right  angles  to  thje  fault  above  menCioned. 

"3rd.  An  extensive  bed  of  gypsum  10  to  20  feet  thick  has  been  regularly  found  ^n 
the  lower  part  of  the  Onondaga  formation.  This  bed  underlies  the  greater  part  of  the 
county  of  Essex. 

'*4th.  Oil  and  gas  *  *  *  are  known  to  exist  in  many  parts  of  the  country  and  in  a 
number  of  different  strata. 

''oth..  Large  quantities  of  salt   water  are  always  found   in  Essex  county   in  the 

Guelph.  and  Niagara  and  in  the  Clinton. 

"6th..  The  Oriskany  sandstone  is  well  developed  in  the  western  and  northern  parts 
of  the  county,  but  is  missing  in  same  parts  of  it  as  shown  by  the  record  of  well  No.  1 
of  the  Union  Gas  Co." 

Drilling  operations  are  at  the  present  time  in  Essex  county  confined  chiefly  to 
Mersea  township  in  an  area  about  six  miles  east  of  the  most  productive  gas  wells  at 
Ruthven.  As  stated  before,  oil  was  found  near  Leamington  in  1902,  but  the  firsf  fe«7 
months  of  1905  has  witnessed  the  bringing  in  of  some  large  producers  in  this  belt. 

As  far  as  yet  discovered,  tfaue  productive  area  extends  from  concessions  one  to 
nine  in  the  township  of  Mersea,  and  has  a  width  of  about  1,000  feet,  chiefly  on  lots 
9  and  10  on  these  concessions  and  lot  238  Talbot  road. 

No  detailed  log  of  any  of  the  oil  wells  here  was  obtained,  but  the  logs  apparently 
are  ^ery  similar  to  those  in  Gosfield  township. 

Log  of  well  drilled  by  Fairbanks  and  Carman  at  Leamington: 

Sand 10  U'i^t  ) 

Clay «0    '• Surlaro  lOOfoet. 

Gravel 10     *    ) 

Limestone  was  struck  at  about  100  feet  which  continued  together  with  gypsum 
<^Ad  dolomite  formations  to  the  finish  of  the  well  at  1,091  feet.     Fresh  water  was  cased 
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off  at  710  feet.     Some  gas  was  met  with  at  765  and  960  feet  and  gradually  increating 
to  1,060  feet.     At  1,080  feet  sprayed  oil,  the  flow  of  which  increased   at  1,082  feet. 
The  gas  was  very  strong  at  1,070  feet,  blowing  cuttings  |oat  of  the  hole,  and  at  1,080 
feet  probably  made  one  million  feet  per  day.     The  well  was  deepened  to  1,091  feet  and 
showed  but  little  water  until  it  had  flowed  a  number  of  days. 

The  oil  comes  from  the  Guelph  formation  at  a  depth  of  about  1,040  feet  in  the 
southern  end  of  the  field,  and  about  1,125  feet  in  the  northern  part. 

The  Leamington  Oil  Company,  which  is  th!e  oldest  concern  in  the  field,  completed 
its  twenty-first  well  on  March  20th,  1905.  Out  of  these  twenty-one  wells,  eighteen 
are  productive. 

The  United  Oil  and  Gas  Company  have  seven  producing  wells  out  of  eleveti 
put  down. 

The  Detroit  and  Leamington  Company  have  throe  producing  wells. 

The  Detroit  and  Dominion  Company  have  one  producing  well.  This  is  the  Jackson 
well,  which  started  flowing  400  barrels  a  day  after  being  shot,  in  a  few  days  settling 
down  to  100  barrels  a  day. 

The  Hickey  Oil  Company  have  four  producing  wells.  The  Hickey  No.  1  was  shot 
1st  December  1904,  and  flowed  lor  cne  month.  The  Hickey  No.  4  on  the  Wales  farm, 
one  and  one-half  miles  north  of  the  Jackson  gusher,  started  off  at  the  rate  of  1,200 
barrels  a  day,  but  later  settled  down  to  about  200  barrels  a  day. 

The  British   America  Company  have  one  producing  well. 

The  South  Essex  Oil  and  Gas  Company  have  a  producing  well  on  lot  10,  south  cf 
the  Talbot  road. 

The  Major  Syndicate  have  two  wells  on  lot  10  in  th!e  first  concession  of  Mersea 
township,  producing  on  an  average  five  barrels  per  day. 

The  Lake  Orion  Oil  and  Gas  Company  have  one  producing  well,  which  began  to 
flow  at  the  rate  bf  150  barrels  per  day.  This  is  on  the  farm  directly  north  of  &be 
Wales   farm,  on   which  the  Hickey  gusher   is   located. 

The  Buffalo  and  Leamington  Company  have  one  producing  well  on  lot  9,  con- 
cession 9,  Mersea.  The  well  has  a  depth  of  1,125  feet.  All  the  wells  are  shot  with 
about  50  quarts   of  nitro-glycerine. 

In  addition  to  the  oil  wells  there  are  three  or  four  gas  wells,  which  are  in  the 
new  oil  field  nortli  of  the  old  gas  field,  one  of  which  (No.  3,  Rymal)  prfoduced  at  first 
1,300,000  cubic  feet  per  day.  Tliis  well  was  brought  in  in  February,  1904.  These  gt* 
wells  supply  the  town  of  Leamington,  and  also  fuel  for  drilling  and  pumping. 

At  Comber  on  the  Michigan  Central  Railway,  eight  wells  have  been  sunk,  oi 
which  six  are  producing  on  an  average  two  barrels  per  day. 

The  following  is  the  record  of  a  deep  well  drilled  for  the  Leamington  Oil  Cc.  on 
Dr.  Albert  Foster's  farm,  East  Lot  239,  North  Talbot  Road.  Commenced  March  18tb 
1905,  and  completed  June  27th: 

Feet. 

89    10   feet   drive   pipe. 

585    8   feet  casing. 

1095 Top    salt   sund. 

1500    Top  blue   lime. 

1556 6i   feet   casintf  (red  rook). 

1566    Top   ilate. 

1650    "      Clinton   lime. 

1700    "       Red    rock. 

1850    "      ilate. 

1870    "      Red    rock. 

1950    "      lime. 

1970    "      Bhalp. 

2275 "      glate. 

2488-9 "      Trenton       rock. 

Total   depth,  2896  feet 

The  well  was  shot  June  24th  with  226  quarts  of  glycerine _ 
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Log  of  well  on  lot  7  in  the  third  concession  of  Tilbury  West: 

Surface 120  feet 

Limestone \ti$   "    Coniifcroiw. 

Sandstone 2U  ••    Orlskany. 

Limestone  and  shale 897   ••    Onoiidagn. 

Crystalline  dolomite 183    *•    Guelph. 

Oil  was  struck  at  1,200  feet,  and  nearly  100  feet  of  oil  rock  was  passed  through. 
The  company  operating  at  Comber  is  the  Sovereign  Oil  Company. 

Mr.  Brumelbs  cites  a  well  drilled  in  188^  at  Blytheewood  on  lot  7,  concession  9, 
Mersea,  to  the  depth  of  about  1,200  feet.  A  small  flow  of  gas  was  obtained  at  1,050 
feet,  followed  at  1,150  feet  by  a  heavy  flow  of  salt  water.     Oil  was  not  found. 

This  well  is  just  west  of  a  well  sunk  on  lot  9,  concession  9,  Mersea,  the  year  in^ 
which  oil  was  founfl,  further  evidence  of  the  narrowness  of  the  productive  area  in  the 
Leamington  oil  field. 

Pelee  Island 

Drilling  has  been  carried  on  for  a  number  of  years  on  this  island  in  search  of 
gas  and  oil,  with  a  moderate  amount  of  success.  Oil  has  been  found  at  a  depth  of 
about  750  feet. 

Borings  examined  by  Dr.  Ami,  of  the  Geological  Survey  Department,  give: 


Surface  drift 68  feet 

Comiferoufl  and  Oriskany 22*2    " 

For  the  most  part  impure  fossiliferous  limestone  with  corals,  shells  and 
carl>onaceoua  matter. 

Measures  unreconied  but  probably  Oriskany  sandstone 44    " 

Lower  Helderberg  and  Onondaf^a 458    " 

(insisting  of  gypsum  and  gypsiferous  dolomites,  light  yellow,  dark  gray  and 
bluish  gray  in  color. 

Total  depth 782    " 

iSQ,  B.  0.,  1890-91,  page  84,  Q. 


CEMENT  INDUSTRY  OF  ONTARIO 

BY  P  GILLESPIE 

LXonL—In  the  preparation  of  this  article,  the  following  pnblicatioDa  were  ooneiilted,  and 
tbe  £8jietanee  obtained  therefrom  is  grateftilly  acknowledged:  Bntler'i  Portland  Cement, 
Geological  Sorrey  of  Michigan,  Vol.  VIII.  1903,  ReporU  of  Geological  Surrej  of  Oaniula,  Geo- 
logical Sarrer  of  Ohio.  1904.  Reports  of  the  American  Society  for  Testing  Materials.  Vol.  II. 
1901,  and  Comming's  American  Cements. — P.  G.] 

"An  artificial  mixture  of  lime  and  clay  in  proper  proportions,  calcined  to  a  clinker 
at  a  temperature  of  incipient  fusion  and  finely  ground,  is  called  Portland  cement  " 
Its  manufacture  dates  from  the  year  1824,  when  Joseph  Aspdin,  a  Leeds  brickmaker, 
first  put  his  product  on  the  market.  It  was  designated  by  him  "Portland"  cement, 
from  i:s  fancied  resemblance  when  hardened  to  the  well-known  oolitic  limestone 
quarried  on  the  island  of  Portland,  on  the  south  coast  of  England,  and  for  OMiturias 
used  as  a  building  material. 

More  the  result  of  accident  than  of  purposeful  investigation,  Aspdin's  discoyery 
is  like  many  others  of  modem  times.  He  mixed  the  pulyeriaed  limestone  from  the 
macadamized  highways  with  clay  and  water.  The  mixture  was  dried  and  burned  to 
a  clinker  in  a  kiln.  The  clinker  thus  produced  was  afterwards  ground,  and  its  setting 
and  hardening  properties  on  the  addition  of  water  rendered  it  a  useful  material  i;i 
construction.  In  the  followinqj  year.  1825.  he  built  a  factorj*  for  its  production  at 
Wakefield,  and  it  is  said  that  hi^  cement  was  employed  by  Sir  I.  K.  Brunei  in  181^ 
in  the  construction  of  the  Thames  tunnel. 

Two  years  after  the  registration  ot  Aspdin's  patent,  Maj.-Gen.  Sir  C.  W.  Pasley 
ccmmenced  a  series  of  expei-iinent>  uii  artificial  cements  at  Chatham  dockyard,  which 
in  the  light  ot  his  time  wore  very  gratiiying.  Uib  law  materials  at  first  were  chalk 
and  brick  loam,  but  the  supply  of  tlie  latter  liaving  become  exhausted,  Medway  blue  clay 
was  substituted,  a  remarkably  good  product,  ererychiug  considered,  being  the  result. 

So  far  as  records  inform  uS;  these  two  were  the  pioneers  in  an  industry  which 
during  the  last  quarter  of  a  century,  and  especially  during  the  last  decade,  has  grown 
o  gigantic  proportions.  The  chief  competitor  of  the  new  Portland  cement  was  the 
£0-called  Roman  cement,  which  since  the  time  of  John  Smeatoii  had  been  manufactured 
la  England.  He  it  was  who  first  discovered  that  Ihe  cause  of  hydraulicity  in  certain 
limestones  is  the  presence  of  clay  in  the  stone.  That  was  in  1766.  Thenceforward 
the  burning  and  grinding  of  nodules  of  clayey  limestone  found  along  the  English  sea- 
coast,  became  a  profitable  business.  The  product  wa^  known  as  ''Roman  cement," 
analogous  of  cour>e  to  modern  natural  cement,  and  it  was  from  the  manufacturers  of 
this  that  the  greatest  early  opposition  to  the  introduction  of   Portland  cement  came. 

Many  failure^  mark  the  first  quarter  century  of  the  history  of  Portland  cement, 
chiefly  no  doubt  to  lack  of  scientific  direction,  and  although  public  competitive  tests 
had  as  early  as  1S43  conclusively  established  the  superiority  of  the  new  article  over 
the  old.  oonservativo  Kiuilaiid  was  exceedingly  slow  to  admit  the  fact.  At  the  England 
and  Colonial  K\hil»ition  in  is.^].  it  received  its  first  preat  and  successful  advertisement, 
and  from  that  time  on  iVs  use  has  steadily  extended. 

INGREDIENTS  OF   CEMENT 

The  two  t'ssontial  inj^reilients  in  the  manufacture  of  Portland  cement  are  lime 
and  clay.  In  .Vmerica,  the  former  occurs  either  as  limestone  or  as  marl.  While  in 
Ontario  all  the  plants  save  one  employ  marl  as  the  source  of  the  lime,  it  is  interesting 
t>  note  that  b\it  ^ixt^vu  p<m'  cent,  of  the  total  output  of  the  United  States  is  made 
from  that  material. 

lis 
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Marl 

Tho  existeuce  uf  deposits  of  marl  at  the  bottixn  of  many  of  oar  smaller  lakes 
bas  been  explained  in  various  ways.  Some  there  are  who  contend  that  marl  is  composed 
uf  the  shells  of  fresh  water  mollusks.  As  most  marls  contain  sheUs  more  or  less  per- 
[ectly  preserved,  color  is  lent  to  this  hypothesis.  It  is  further  argued  that  through 
?!Osive  and  grinding  agencies,  shells  liave  lost  their  characteristic  forms,  and  that 
:hat  portion  of  all  marl  which  is  microscopic  and  formless  has  had  its  origin  througk 
'he  crushing  and  grinding  of  shells.  Other  investigators  advance  the  view  that  marl 
lias  had  its  beginning  through  the  deposition  of  calcium  carbonate  from  water  con- 
:aining  this  salt  in  solution. 

It  is  a  well-known  fact  in  elementary  chemistry  that  water  containing  carb<>n 
iiozide  in  solution  will  dissolve  a  much  greater  quantity  of  calcium  carbonate  than 
nrill  watet  in  which'  this  gas  is  not  present.  It  is  also  well  known  that  when  for  any 
eason  the  gas-  is  expelled  from  the  water,  the  calcium  and  magnesium  carbonates  are 
:*epoBited  as  a  finely  divided  powder.  It  is  therefore  contended  that  when  water, 
X)ntaining  carbon  dioxide  under  pressure  and  holding  in  solution  a  greater  quantity 
A  carbonate  than  it  could  retain,  were  it  not  for  the  presence  of  the  gas,  is  discharged 
from  some  underground  channel,  the  gas  owing  to  reduced  pressure,  escapes  to  the  air. 
[he  salts  are  then  deposited  by  precipitation  on  the  sides  and  bottom  of  the  stream 
>r  lake  as  carbonates  of  calcium  and  magnesium,  and  form  the  familiar  marb  of  our 
rkes. 

NOT  ALWAYS  AN  ORGANIC  PRODUCT 

The  fact  that  isolated  shells  are  found  perfectly  intact  at  depths  of  twenty  feet 
in  placet,  would  point  to  the  conclusion  that  shells  are  not  the  sole  source  of  marl. 
For,  if  that  were  the  case,  the  number  of  wholly  or  partially  preserved  shells  would 
r*e  much  larger  at  these  depths  than  it  actually  is.  Careful  determinations  of  the 
luantity  of  shells  and  shell  fragments  present  in  several  samples  of  marl  are  reported 
)y  Professor  G.  A.  Davis,  of  the  Geological  Survey  of  the  State  of  Michigan,  and  are 
included  in  the  publications  of  the  Board  of  Geological  Survey  0or  1903.  Selectin;^ 
our  samples  at  random,  he  found  that  shells  and  shell  fragments  comprise  on  an 
iverage  little  more  than  a  half  of  one  per  cent.,  and  in  one  instance  only  does  \t 
exceed  one  per  cent.  The  conclusion  arrived  at  in  the  discussion  is  that  sheila  are 
)ut  a  minor  element  in  the  composition  of  marl,  and  that  their  exiscence  and  growth 
j'epend  on  much  the  same  causes  as  those  which  produce  the  marl  itself.  These  causes, 
recent  investigation  leads  us  t  o  believe,  are  found  in  the  fact  that  our  underground 
iprings  contain  solution  the  carbonates  of  calcium  and  magnesium,  washed  from  the  soil 
from  which  the  springs  are  drawn.  Differences  in  opinion  now  are  not  so  much  ns 
^  the  source  of  the  deposit,  as  to  the  cause  of  its  precipitation.  That  the  undergrouni 
'eeders  of  our  lakes  are  the  source  of  supply  would  seem  to  be  the  theory  set  forth  in 
The  Geology  of  C'?inada.  1803,  which  we  quote: 

''Although  belonging  to  the  present  geological  period,  this  marl  is  not  always  of 
'ecent  formation ;  inasmuch  as  tho  beds  of  it  are  sometimes  overlaid  by  pea£,  or  by  soil 
;upporting  a  growth  of  large  trees.  At  other  times,  however,  the  marl  covers  the 
>ottom  of  shallow  lakes  or  ponds,  and  is  eviden£ly  in  the  process  of  deposition.  It 
ippcars  to  be  formed  by  the  waters  of  springs,  highly  charged  with  lime,  which  is  at 
irst  held  in  solution  as  bicarbonate,  but  is  deposited  when  these  waters  come  to  the 
iir.  It  is  thus  similar  in  its  origin  to  the  deposits  of  calcareous  tufa,  which  occur  in 
nany  places  where  such  calcareous  springs  flow  over  earth,  rocks  and  vegetation  instead 
)f  falling  into  lakes  or  marshes.  The  presence  of  carbonate  of  lime  is  a  necessary  con- 
lition  of  the  development  of  shells,  and  various  species  of  mollusca  abound  in  such 
raters.  These  by  their  remains,  which  often  form  a  considerable  portion  of  the  deposits, 
live  to  them  the  name  of  'shell  marl,'  which  is  frequently  applied.  This  substance 
s  white  and  earthly  in  its  aspect  and,  unless  mingled  with  clay,  is  a  nearly  pure  car- 
K)nate  of  lime." 

Whether  the  writer  of  the  above  held  that  the  water  is  a  surcharged  solution  of 

arlMuiate  due   to   the   prest-nci'  of   C<)._.,  is   not  altogether  clear.      Our   acceptance  nf    tl:»^ 
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feet,  and  the  difficulties  in  the  way  of  draining  are  inconsiderable.     The  distance  from 

Arnprior  and  railway  communication  will  be  about  eight  miles.     In  the  township  jf 

Ross  several  deposits  are  known  to  occur  in  a  chain  of  lakes  which  extend  southeait 

fiom  Muskrat  lake,  near  Cobden  village,  and  which  are  believed  ta  form  the  prehistoric 

valley  of  the  Ottawa  river,  extending  from  Pembroke  eastward.     At  Green  lake,  on 

(ot  13,  range  IV,  the  marl  is  found  in  one  place  with  an  exposed  area  of  five  acres 

and  a  depth  of  from  five  to  twelve  feet.     On  lot  15,  range  II,  in  another  small  lake, 

considerable  deposits  are  found,  especially  near  the  outlet,  and  it  is  supposed  the  samv 

material  underlies  the  water.     Other  lakes  of  the  chain  also  have  deposits,  the  extent 

of  which  has  not  been  accurately  deter^iined.    In  the  township  of  Westmeath,  on  lots 

nine  and  ten  east  from  B,  shell  marl  on  the  shores  of  a  small  lake  is  known  to  occu^^, 

but  to  what  extent  is  uncertain. 

In   Emerald  lake,    Nipissing   district,  near   lake  Temiskaming,   there    is  a  deposit 

of  marl  which  is  thought   to  be  of  considerable   extent.        With   the  opening  of  tb«; 

adjacent  territory,  this  material  may  have  an  early  commercial  value. 

"Among  other  places  \vhere  the  material  is  found  in  Chis  Province,  but  where  the 
extent  of  the  deposits  has  not  been  determined,  may  be  mentioned  lot  IS,  range  IV. 
township  of  Lavant.  Lanark  county,  six  acres  in  area,  and  seven  feet  deep ;  Chalk 
Lake,  lots  1  and  2,  range  J.,  an4  lot  1,  range  II..  township  of  Reach,  Ontario  count;. 
a  lake  of  seventy-five  acres  with  a  marl  bottom,  the  thickness  of  which  is  considerable, 
but  is  not  definitely  stated.  In  this  list  may  be  included  White  lake,  lots  18  and  l9. 
range  1\,  Huntingdon,  Hastings  county,  the  deposit  extending  out  under  the  waters  of 

the  lake  and  found  to  be  thirtv  feet  thick  in  places;  and  the  Eramosa  branch  cf  Green 
river,  Eramosa  township.  Wellington  county,  where  the  deposit  is  at  least  three  feet 
in  thickness,  with  a  covering  of  three  feet  of  peat.*' 

in    Artemesia    township,    Grey   county,   there    is  a    seven-foot   depth,   covering  an 

e.rea  of  at  least  twelve  acres.  At  the  lower  northwest  end  of  Clear  lake,  in  the  town- 
ship of  Sebastopol,  Renfrew  county,  there  is  a  large  quantity  of  marl.  This  deposit 
and  several  others  in  adjacent  lakes  will  probably  some  time  prove  an  attraction  fjr 
Canadian  capital.  On  the  shore  of  Hemlock  or  Mackay  lake^  at  New  Edinburgh, 
Ottawa,  marl  has  long  been  known  to  exist,  extending  over  one  hundred  acres  or 
more,  with  a  depth  of  at  least  five  feet.  The  deposit  is,  however,  largely  covered  with 
soil  and  forest  growth,  but  has  been  locally  used  to  some  extent  in  the  manufactui'o 
o/  white  brick.  In  Prescott  county,  in  the  vicinity  of  the  Ottawa  river,  on  lot  IS 
lange  IV,  West  Hawkesbury,  there  is  an  area,  the  extent  of  which  has  not  bee'i 
definitely  detenniued,  but  it  is  known  to  cover  from  five  to  ten  acres,  and  to  be  three 
feet  in  depth  at  least.     The  marl  is  covered  with  four  or  five  feet  of  peat. 

THE  VALUE  OF  A  MARL  BED 

Anything  pretending  to  a  discussion  of  marl  deposits  would  certainly  lack  com- 
pleteness witliout  some  reference  to  their  latent  possibilities.  To  say  that  an  area 
of  one  hundred  acres  has  a  deposit  of  marl  running  to  an  average  depth  of  fifteen  fedt 
is  to  i^ivo  It)  the  ordinary  person  almost  no  conception  of  the  potentialities  •»* 
such  a  deposit.  There  are  all  sorts  of  conditions  which  affect  the  value  of  a  marl 
proposition,  among  which  will  be  the  water  percentage,  and  the  calcium  carbonate 
content,  ns  revealed  by  a  chemical  analysis.  In  order  co  make  an  estimate,  these  two 
and  certain  other  unknown  elements  entering  into  our  problem  must  be  assumed. 

A  barrel  of  cenieiit  contains  three  hundred  and  fifty  pounds,  sixty-three  per  cent, 
of  which,  let  us  say,  is  lime.     Sixty-three  per  cent,  of  three  hundred  and  fifty  is  twt 
hundred  and    twenty   and  a  half  pounds,   which  quantity   of   lime    is   supplied    almo9» 
altogether   by   the   marl.     Let  us   assume  that   the   marl   m  question   has  a   carbonate 
content  of  eighty  per  cent,  and  contains  on  dredging  say   sixty  per   cent,     of    watei. 
From  tills,  it  follows  that  one  hundred  pounds  of  fresh  marl  will  give  forty  pounds  of 
dry  material,  which  in  turn  will  give  eighty  per  cent,  of  forty,  or  thirty-two   pounds 
ot  pure  calcium  carlmnate.     Now,  of  calcium  carbonate,  but  fifty-six  per  cent,  is  lime. 
This  means  that  of  onr  hundred  pounds  of  dredged  material,  only  eighteen  lb.   become 
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constitutent  of  the  finished  product.  Since  a  barrel  of  cement  requires  two  hundred 
id  twenty  and  a  half  pounds  of  lime,  it  is  clear  that  for  its  manufacture  nearly 
diteen  hundred  pounds  of  wet  marl  will  be  required.  Again,  a  cubic  yard  of  our 
redged  marl  will  weigh  about  two  thousand  five  hundred  pounds,  and  8b  we  find  that 
le  barrel  of  cement  will  be  produced  from  fifty-two  hundredths  of  a  cubic  yard  of  wot 
larl.  A  plant  of  three  hundred  barrels  per  day  capacity  would  consume  one  hundred 
id  fifty-six  cubic  yards  per  day,  or  forty-six  thousand  eight  hundred  cubic  yards  per 
Mr  of  three  hundred  working  days. 

But,  returning  to  our  deposit,  we  find  that  one  hundred  acres  of  a  depth  of  fifteen 
set  will  contain  two  million,  four  hundred  and  twenty  thousand  cubic  yards  of  marl, 
r  a  sufficient  supply  at  the  assumed  rate  of  consumption  to  last  for  fifty  years. 

Manufacturers  state  that  from  three-tenths  to  five-tenths  of  a  cubic  yard  of  marl 
re  necessary  to  produce  a  barrel  of  oemenf.  It  will  be  noticed  that  the  greater  of  thot^o 
mits  is  slightly  below  that  of  our  computations,  (he  data  for  which  were  of  course 
urely  hypothetical. 

Clays 

The  silica  and  alumina  required  in  the  manufacture  of  Portland  cement  are  sup- 
lied  by  the  clay  or  shale,  as  the  case  may  be.  Pure  clay  may  be  designated  by  the 
mimla  Al20^.2SiOo-  2H./),  and  is  therefore  a  pilicate  of  aluininiiiin.  It  should 
e  remembered,  however,  that  the  silica  present  exists  in  the  combined  or  soluble  form, 
ind  not  as  granules  of  sand.  Any  clay,  therefore,  that  is  gritty  to  the  touch  or  in  the 
if«th,  if  chewed,  is  objectionable,  for  the  reason  that  it  probably  contains  uncombined 
ilici.  This  in  the  kiln  is  very  refractory,  requiring  for  its  combination  with  the  lime 
k  much  more  intense  heat  than  does  the  combined  silica  of  the  formula.  Cement  could, 
»f  oourse,  be  manufactured  by  using  sand  as  the  source  of  the  silica,  were  it  thought 
imdent  to  reduce  it  by  grinding  to  a  state  of  sufficient  fineness,  and  to  employ  the 
firetter  heat  which  would  be  rendered  necessary. 

The  beat  clays  for  the  manufacture  of  Portland  cement  have  a  greasy,  unctuous 
^cel,  and  are  quite  smooth  to  the  touch.  ''Clays  which  stain  the  fingers  should  be 
iToided  as  being  either  too  much  impregnated  with  iron  compounds  or  containing  a 
arge  proportion  of  organic  or  other  impurities.''  Clays  also  containing  much  calcium 
!vbonate  should  be  avoided,  as  the  percentage  of  this  ingredient  is  liable  to  great 
hctoation,  and  its  presence  in  the  clay  complicates  the  proportioning  of  the  ingred- 
t&ts  very  much.  A  simple  test  for.  clay  is  the  application  of  hot  dilute  acid.  If 
iiere  is  much  effervescence  on  the  addition  of  the  acid,  the  material  is  objectionable 
lecause  of  the  presence  of  carbonates. 

Analyses  of  an  available  clay  should  in  all  cases  be  made  in  order  to  determine 
ihe  composition  and  its  uniformity.  The  same  ingredients  as  in  marl  may  be  looked 
or,  but  of  course  in  widely  different  proportions.  Preferably  the  ferric  oxide  and 
Jie  alumina  should  in  the  analysis  be  separated.  In  general,  a  clay  that  contains 
3bt  less  than  two  parts  of  silica  to  one  of  combined  iron  and  alumina  is  preferred, 
lliis  in  a  good  sample  will  be  between  forty  and  sixty  per  cent.  Calcium  carbonato 
IS  stated  above,  is  objectionable,  not  because  of  its  composition,  but  because  of  the 
lifficulty  in  correctly  proportioning  the  mixture.  Oxide  of  magnesia  should  not 
xceed  three  per  cent.  Manufacturers  tell  us  that  magnesia  refuses  to  unite  with 
le  clay  at  the  temperature  with  which  the  latter  and  the  lime  combine.  In  conse- 
oence,  the  magnesia  remains  in  the  finished  cement  as  the  oxide.  Like  free  lime, 
lis  expands  and  disintegrates  on  the  addition  of  water  and  in  a  mortar  is  likely  to 
\uae  trouble.  Ten  per  cent,  of  lime,  and  two  per  cent  of  sulphuric  acid,  will  be  the 
axima  for  a  good  clay. 

The  following  anal3rsi8  is  of  a  clay  that  would  answer  very  well  as  an  ingredient 
cement: 
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No.S 


Si< ».. . 
Al.o, 
VvUk 


M>fU. 


Perci-nt. 
61.0r; 

.58 

9.a» 


l>i«H  oil  ljniili«iii  ,(-0.j  and  wiiivr) 

It  will  be  noticed  that  the  silica  is  considerably  in  excess  of  twice  the  cambiari 
oxidfs  of  iron  and  alumina,  tliat  the  lime  is  nearly  down  to  the  one  per  cent.  liM^ 
and  that  both  magnesia  and  anhydrous  sulphuric  acid  are  low.  The  organic  mittff 
and  water,  being  expelled  in  the  process  of  calcination,  do  not  enter  into  the 
in  any  way,  and  of  course  are  equivalent  to  so  much  inert  and  useless  matter, 
chiefly  the  cost  of  transportation  of  the  raw  material.  It  has  been  Stated 
where  that  a  high  percentage  of  alumina  will  quicken  the  setting  of  the  fini 
cement.  In  the  above  analysis  the  alumina  is  slightly  high,  ten  or  twelve  per 
giving  the  be&t  satisfaction,  as  a  general  rule.  This  defect,  however,  can  be  coi 
by  the  addition  of  g^^psum   in  the  usual  way. 

In  general,  the  process  of  manufacture  consists  first  in  mixing  intimately  tlie 
ingredients   in  a   finely   divided   condition;  secondly,    in  subjecting  the  mixture 
obtained  to   a   heat  sufficiently   intense  to  expel  the   carbon  dioxide,  and  to  font 
clinker  but  not  to  vitrify;  and  thirdly,  in  grinding   the  clinker   when   cooled  to 
impalpable  powder.     The  details  of  the  process  vary  with  every  plant,  but  the 
sought  are  identical  in  all. 

Chemical  Composition  of  Cement 

An  elaborate  series  of  experiments,  synthetic  and  analytic,  conducted  by 
Newberry  and  others  has  led  to  the  conclusion  that  Portland  cement  is  a  mu 
of    silicates    and    aluminates   of    lime,    chief    of    which    are   the    tri-calcium 

(3CaO.SiO._>)     and      the      di-calcium      aluminate      (2CaO.  AI0O3).         Moreover,      Xewl 
eh<nv(Ml    that    if    lime    fCaO)    and    pilica    (SioOo)    in    the    proportions    imiicated  by 
weights   of  combination   in   the  first  formula,  be  thoroughly   mixed  and  subjected 
sufficient  heat,   a  product  showing  the  hardening  properties  of   Portland  cement 
ret*ult.     And    fnrtluT,    if    lime    iiiul    aluininii     (Al.A,)    l>e    similarly    ti*eated,    the   |»n> 
will  show  the  phenomenon  of  setting  peculiar  to   Portland  cement.     His  inference 
that  tliose  two  compounds  may  and  do  exist  in  various  proportions  in  Portland 
end  that  there  is  no  fixed  or   necessary   ratio   between  them.     In  a  cement  ani 
iron    oxide   and    alumina   are   usually  reported   together,   and    indeed    ferric    oxide 
supposed   to  be   analogous  in  its  hydraulic  effect   to    alumina.      Hence   it  follows 
-in  analysis  high  in    alumina  and   iron  oxide  usually  denotes  quick  setting  proj 
while  a   cement  high   in  silica   is   likely  to   develop   great  ultimate  hardness.    We 
"likely,"  since  rapid  sotting   may  be   due  to  insufficient   mixing  or   to   underburnii 
Mhile  slow  setting  in  cement  may  he  due  to  everburning. 

By   a  simple  calculation   involving  the  atomic  weights   of  the  elements  coucei 
ic  can  he  shown  that  the  lime  and  the  silica  are  in  the  ratio  of  2.8  to  1  by  weight 
the    silicate;    and    that  the    lime    and    alumina  are    in   the    ratio  of   1.1  to  1  in 
aluminate.       From  this  Newberry  deduced  his  **hydraulic  index"  or  ratio  between 
basic  clement  on  the  one  hand,  ad  the  acid  elements  on  the  other.     It  is  usually 
OS  follows:    multiply  the  percentage  of  silica  by   2.8  and  the   percentage  of  all 
by  1.1.     The  sum    will  be  the  maximum  percentage  of  lime  to   be  looked  for  in 
cement. 

The  following  analysis  of  a    cement  is    taken    at    random    from    the    directory 
American  Cement  Industries  for  1904,  p.  38. 


I,iiiH' 

MtlUUi'SJH 


^ilh-ii .  . . . 
AliuniiiM 


62.30 
1.20 

21  .SO 
6.95 


()xi«li' «»f  Iron -^ 

Sulplmrii'  .\«l<l    rS 

i^»»«on  iKiiith.ii  Aikaiiis  "..!.!!."/.!!!!!'.".!!'.!'.!!!!.*.!!!!!.*!.*.'."[ iS 
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S'ow    21.30    i-  2.8  -    6.95x1.1  —  67.28.      Thin    w   seen   at    unce    toexeetd    tlie    per- 
age  of  lime   (62.30)  as  given   in  the  report.     Without  consider' ng  the   similarity 
een  magnesia  and  lime,   we  find  that  the  acid  elements  present   are  capable  of 
)ining    with  67.28  units   of   weight   of   lime.     That  there   are  only  62.30    units  '.f 

present  according  to  the  analysis  is  due  partly  to  the  fact  that  thi  formula 
esents  the  maximum  quantity  of  lime  that  will  combine  with  the  silica  aad 
lina,  and  partly  to  the  fact  that  the  manufacturer  cKoses  to  attempt  less  than 
maximum  rather  than  run  the  risk  of  over  liming  his  cement.  There  are  other 
»6  of  error.  The  ash  remaining  from  the  process  of  burning  passes  into  the 
ot.  This  is  largely  silica  and  alumina,  and  of  course  operates  to  give  the  im 
rion  that  the  cement  is  overclayed.  Then  too,  gypsum  is  always  added  to  lengthen 
timo  of  setting,  and  if  this  be  reported  as  lime  and  sulphur  ?.ioxi:le,  it  w'll 
sasc  somewhat  the  percentage  of  lime. 

The.  pernicious  ingredient  in  cement  is  free  li-no.  If  clay  be  in  excess  its  effect  is 
>ositive,  since  clay  in  cement  is  inert  matter.  Free  lime  on  the  other  hand  will 
ice  dire  results.  In  time  through  tho  action  of  atmospheric  moisture  or  of  wat'^r 
bmerged,  the  lime  slacks  and  the  mortar  or  concrete  of  which  it  is  a  constituent 
tegrates  and  falls  to  pieces.  Experience,  however,  shbws  that  an  excess  of  free 
reaching  one  and  a  half  per  cent,  is  not  likely  to  manifest  any  destructive  ten- 
es.     Still,  manufacturers  preferring  to  take  no  risks  of  overliminp,  usually  allow 

product  to  contain   a  small  excesss  of  clay  or  sand. 

^ow  it  must  be  borne  in  mind  that  a  chemical  analysis  of  cement  may  not  reveal 
•ue  character  as  a  material  for  construction.  Ordinary  analyses  do  not  dis- 
lish  between  free  and  combined  lime.  A  cement  may  be  properly  mixed,  but 
aperly  burned,  in  wlrch  case  a  chemical  analysis  would  fail  to  detect  the  defect. 
past  test  to  be  described  later,  would  be  a  much  more  reliable  indication  of  the 
t  of  the  cement. 

COST  OF  CEMENT   PLANT 

The  cost  of  a  modern  plant  manufacturing  Portland  cement  from  marl  and  clay 
be  put  at  fifty  thousand  dollars  per  rotary  kiln  installed.  This  estimate  includes 
ost  of  dredging  and  transporting  the  raw  materials,  that  of  wash  mills,  grinders, 
ge  tanks,  rotary  kilns,  coolers,  finished  grinder  and  stock  packing  houses, 
equipment  for  power  generation  is  included,  and  also  the  entire  cost  of  erecting 
ble  buildings,  everything  to  be  modern  and  first  class.  Assuming  that  -the  out- 
>f  each  rotary  is  one  hundred  barrels  per  day,  we  have  the  investment  in  plant 
"■e  hundred  dollars  for  each  barrel  of  the  rated  daily  capacity.  Doubtless  by  th^ 
liation  of  some  form  of  continuous  upright  masonry  kiln,  the  cost  might  hj 
deiably  reduced,  yet  the  wage  account  where  such  methods  are  employed  is 
rs  much  liigher  per  unit  of  output,  the  amount  of  manual  labor  necessitated  being 
derably   greater. 

Experience    in  Ontario  and  the  United  States   has  proved,   and  without  a  doubt 
rontinne  to  demonstrate  that  the  higher  profits  in  the  cement  industry  are  realized 
lose  plants  having  a  large  capacity.       It  is  the  smaller  manufacturers  in  Ontario 
y  who  find    it   most   difficult  to    pay  dividends   in   the   present  condition    of   the 
nt  market. 

APPLIANCES  USED  IN  MAKING  CEMENT 

Wash  Mills 

Vashmills  are  usually  built  with  concrete  sides  and  bottom,  and  are  circular, 
^nal  or  octagonal  in  form.  The  diameter  is  from  eighteen  tn  twenty  feet,  and 
lepth  is  about  eight  feet.  There  is  an  upricjht  centre  shaft  Tiaving  horizontal 
or  spokes,  which  carry  "drags,"  usually  three  in  number,  Washmills  are  em* 
d  for  the  preliminary  mixing. 
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No. 


Intermittent  Kilns 

Of  intermittent  kilns,  thero  are  two  types,  the  ''bottle'*  kiln  and  the  Baidu 
The  former  as  the  name  would  indicate,  is  in  vertical  section,  shaped  somewhat 
■I   bottle.     The  outer  structure  is  built  of  brick  or  stone,  and  the  lining,  on  tea 
of  the  excessive  heat  to  which  it  is  exposed,  is  of  fine  clay.     The  fire  is  started  on 


lk>ttle  Kiln 


i^rating   ln-low  and  wlnii   woll   undor    way,  alternate   layers   of   coke   and   drird 
are  laid   in.     When  the  burning  is   completed,  and  the  clinker  allowed    to   cool, 
*'drawn."       The  procos>es  of  loading,   firing  and  sorting   the  clinker   all    require 
siderable  skill,  and  of  a  kind,  too,  wholly  born  of  experience. 

The  Batchelor  Kiln 

No  attempt  to  utilize  the  waste  heat  from  the  firing  chamber  is  made  i 
bottle  kiln.  This  in  doni*  in  the  Batchelor  kiln.  If  we  conceive  a  long  covered 
way  with  a  cement  floor,  annexed  to  t)ie  bottle  kiln  in  such  a  way  that  the  eai 
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MS  «re  obliged  to  pmss  through  it  on  their  way  to  the  stack,  we  have  th«  principic 
the  Batchelor  kiln.      The  sluriy  la  pumped  over  this  floor  to  n  depth  of  a  few  inches. 


wbild  one  ch&rse  is  being  clinkered  in  th«  furnace  of  the  kiln,  a  second  ia  being 
on  the  arohwaj  floor.  The  Batch^lor  kilns  are  usually  constructed  in  batteries 
c    h»Yii>e  *  nngle  stack  to  which  all  tines  lead. 
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The  Dletsch  Kiln 

The  Dietsch  kiln  la  one  ol  the  continuous  types.  Th«  "forevknner"  U  really  tha 
■r  pKrt  of  the  stAck,  there  being  hero  a.  shelf  or  ledge  which  prevente  ttie  man  of 
ry  bricks  shore  from  falling  down.  The  coal  is  charged  into  the  furnace  from  the 
r  beneath  that  from  which  the  dried  slurry  is  charged.  The  "drawing"  is  done 
a  below,  every  four  or  six  hoars,  and  to  replace  the  material  thus  drawn,  a  freoh 
ply  is  dragged  by  hand  from  the  ledge  above  referred  to.  The  kiln  is  provided 
I  suitable  "ports"  or  "eyes"  for  firing  and  loosening  the  bricks  when  "hung  up." 

The  Qriffln  Mill 
This  mill  is  used  at  sotne  factories  for  grinding  the  finished  product.       It  consists 
steel  ring  against  the  inside  surface  of  which  a  heavy  steel  roll  is  made  to  revolve. 
1   roll,   by  centrifugal  force,  exerts  a  pressure  against  the  steel  ring.       Screens  are 


Griffin  Mill.     (Butler's  "Portland  Cement.") 
ided   BO  that  the  clinker  when  sufficiently  ground  can  pass  through,  the  coarser 
idea,  however,  falling  back  again  to  the  mill.     The  heavy  roll  above  referred  to 
ttkched  to  an  upright  pendulum-like  shaft. 

The  Albore  Kiln 

The    gMieral  scheme  in  the  Alberg  kiln    is  similar  to   that  of  the  Dietsch  kiln, 
re  is,  however,  no  ledge  in  the  Alborg  kiln.      The  narrowest  portion  of  the  kiln,  or 
9h. 
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"thriMt"  ocevn  wiMrs  the  ciwl  u  chmzgod  into  the  kOn.  Abon  thu,  the  ■Inrrjr  bricfa 
pert  with  their  moiatare,  end  below  it,  the  firing  tekea  piece.  Below  the  firing  am 
the  cooling  occara.      No  ettempt  ii  nutda  to  utilise  the  wute  heet. 

The  Rotary  Kiln 

The  rot&ry  kiln  is  simply  a  huge  revolving  crlinder  of  boiler  cteel  set  aUghtly  on 
«n  incline.  The  lower  end  is  closed  by  a  "hood"  mounted  on  wheels,  ao  that  it  eu 
be  rolled  beck  at  pleasure.  Through  this  hood  paaaes  the  pipe  which  edmits  the  fa«l, 
usnally  ground  coal.  The  fluid  slurry  is  pumped  in  at  the  upper  end.  Rotary  kilni 
have  a  capacity  of  about  one  hundred  barrels  per  day,  depending  on  the  kind  of 
slurry  and  the  length  of  the  kiln. 


(Allie^lialmere  Co.) 


Ball  Mills 

Ball  nvilU  are  employed  to  do  the  coaraer  grinding  of  the  dinker  «ily.  They  a» 
in  the  form  of  short  cjlinders  revolring  on  their  axes  and  oontuniac  »  nnmbsr  of 
Ur^e  ite«l  balU.  The  circumference  of  the  mill  is  prorided  with  orvUpping  "weerini 
pUt«-  and  two  ««•  of  wreens.  The  material  a.  it  is  reduoed  to  ntficMnit  fln«M 
rassea  through  holee  in  the  plate,  and  through  the  meaha  in  the  Deree,  nU  partldu 
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not  Bufficittitly  reduced  to  pus  the  finer  of  the  sieves  being  returned  to  the  mill  ii 
the  procen  of  reralring.  The  finer  particles  pass  to  a  hopper  below.  Tlie  clinker  i 
fed  in  throngh  one  of  the  trunnions  of  the  mill. 


Eock  Emery  MillBtone.     (Tlie  Pturtevant  Co. ) 

Sttirtevant  Emery  Stones 

These  milla  are  nsed  hoth  for  wet  and  dry  grinding.    They  consist  of  two  bnilt-np 

■tones.      The  pftrt«  ue  of  natural  emery  rock,  and  are  mounted  u  are  the  well-known 

Inhr  itonM  at  one  time   very  common    in  flour   mills.     Emery  grinding   stonet  are 

■Doonted  rertioalljr  as  well  as  horizontally. 
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Tube  MiUs 

Tube  milla  are  cyliodrical  in  form,  niiuUy  ftbont  fire  by  twenty  feat.  Tbey  we 
employed  in  both  rair  and  final  grinding.  A  tube  mill  most  of  coan«  be  lined  with 
■ome  reustiDg  mBterial,  ngually  gilex  Btoae,  ainoe  it  is  partiallj  filled  with  flint  pebbla, 
which  acccmpliah  the  griadiag  of  the  clinker  or  alurry,  a*  the  eaae  may  be.  Ai  in  the 
ball  mills,  the  feed  u  through  one  of  the  trotmiona  of  the  mill. 

The  Gates  Crushers 

The  Gatea  rock  and  ore  breaker  ia  of  the  gyratory  type,  and  is  capable  of  crndiinK 
from  75  to  125  tons  per  hour,  depending  on  the  size  of  the  machine  employed.  Thj 
•lize  to  which  the  rock  can  be  reduced  can  be  controlled  at  will  within  certain  limit*. 
The  axis  of  the  mill  is  rertical. 

The  Mosser  Tower  Cooler 

The  Sfosser  cooler  consiita  of  a  circular  tank  eight  feet  in  diameter,  and  thirty- 
two  feet  high,  fitted  with  internal  blast  pipes  and  cones.  The  hot  clinker  is  elevated 
ontsidi"  and  dumped  in  at  the  lop.  The  tank  is  supposed  to  be  kept  practically  full 
of  clinker,  vliich  is  witlidrawn  from  the  bottom  as  fast  as  it  is  supplied  at  the  top 
A  Mo&ser  cooler  will  handle  the  output  of  four  rotary  kOns. 

The  Harris  Pneumatic  System 

This  system  is  employed  for  pumping  all  kinds  of  flui<ls  inclnding  wet  marl  bbiI 
slurry.  The  ar-iompanyini;  figure  is  diagrammatic,  but  serres  to  illustrate  the  metiod. 
1'hc   operation  is   as  follows: 


Tlio  Harrij-  Syntt'iu  i>f  Marl  Punipiiig.     (Pneumatic  Enginee^^^j^  , 

"SuppoiiH  the  compressor  to  be  in  operation  and  the  switch,     ^^^t.         ;« 
The  air  will  bo  drawn  out  of  tho  right  tank  and  forced  into  th^      **^    "     - 
doing  will  draw  the  fluid  into  tlio  former   and  force   it  out  of  ^Ix« 
of  atr  in  ih<>  H.vntom  iH  ho  niljuNtiil  tlmt  when 
and  at  that  moment  the  switch  will  be  autoniati 
DMliona  and  tliornby  ruvKraing  tlio  action 


ally  thro 


the  tanks.' 


^■■-siiit  * 
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CEMENT  PLANTS  OF  ONTARIO 

Following  is  a  description  of  the  various  cement-making  plants  in  Ontario,  iu- 
eluding  those  in  process  of  construction,  as  well  as  those  actually  in  operation,  at 
teen  by  tlie  writer  at  the  close  of  1904    and  the  beginning  of  1905. 

The  Belleville  Portland  Cement  Company 

President A.  Ansley. 

-^.      „      -J     X  f  John  McGowan,  M.  P. 

Vice-Preeident. ^^^  j^^^ 

Manager  and  Sec.-Treas J.  W.  McNab,  Belleville. 

Works  "Point  Ann,  Ont. 

Authorized  capital  $3,600,000. 

That  this  company  will  begin  the  manufacture  of  cement  with  a  singularly 
valuable  asset  in  the  shape  of  natural  opportunities  is  at  once  manifest.  These  natural 
opportunities  are,  first,  almost  inexhaustible  deposits  of  raw  materials  conveniently 
situated;  secondly,  a  good  harbour,  and  thirdly,  first-class  shipping  facilities  by  water. 

The  Belleville  Portland  Cement  Company,  unlike  any  of  its  competitors  in  Ontario, 

proposes  to  use  limestone  and  clay  as  its  raw  materials,  and  for  this  purpose  is  rapidly 

carrying  to  completion  extensive  works  at  the  Point  Ann  peninsula,   on  the  Bay  or 

Quinte,  some  four  miles  east  of  the  city  of  Belleville.     The  works  are  connected  with 

the  Grand  Trunk  Company's  line  at  Belleville  station  by  a  standard  gauge  track,  for 

the  construction  and  operation  of  which  a  railway  charter  was  obtained.         The  lime- 

ftone  is  exposed  in  most    places  and    comprises    an    area    of    386    acres.     The  deptb, 

ascertained  by  borings,  is  known  to  be  upwards  of  thirty  feet.     The  clay  is  found  on 

tbe  same  property,  part  of  it  indeed  but  a  few  hundred  feet  from  the  plant.     Other 

deposits  are  on  the  line  of  the  company's  railway,  so.  that  delivery   without  freight 

cbBrges  will  be  assured.       The  total  clay  area  is  in  the  neighborhood  of  40  acres,  and 

rans  to  a  depth  of  sixteen  feet  in  places. 

Th^  limestone  will   be  brought  to   the   works  by  narrow   gauge  tracks,    and  will 

j.^coi'^^  its  preliminary  treatment  in  two  Gates  gyratory  stone  crushers,  each  having 

^3j>»city  of  forty  tons  per  hour.     Five  Sturtevant  crushers  of  the  coffee-mill  style 

'wj    xio^t  take  charge  of  the  stone,  reducing  it  approximately  to  a  quarter-inch  mesh. 

fpYx^   c^^y  Also  will   be  brought  from  the  beds  by  narrow  gauge  cars,   and  will  be 

^^     •n^.aBe^  through  a  rotary  drier.     This  consists  essentially  of  a  cylinder  of  Boiler 

^^     ^i^^y   feet  long,  five  feet  in  diameter,  and  partitioned  longitudinally  by  plates 

«       ^i-^ide  its  crossHsection  into  quadrants.         It  is  made  to  revolve  on   its  iaxis, 

«^       £j3     placed  in   a  position  nearly    hjorizontal.     A    furnace  is   built   at  the   lower 

-         ^rMcik  a  way  that  the  waste  gases  therefrom  must  pass  through  the  cylinder  on 

,^^^Ly     *^    ^^®  stack  with  which  the  upper  end  is  connected.     The  clay  is  fed  into 

■nr^^^    ond  through  the  rotary  motion  of  the  cylinder,  and  is  finally  discharged  from 

^^^x*       ^xid,   having  come  in   contact  with  the   hot   furnace  gases  in   its   progress 

^2,,  Ox-c3inary  soft  coal  will  be  the  fuel  employed  at  the  Belleville  plant.     The 

\j    ^-^rxi^-lc    And  clay  will  then  be  mixed  in  proper  proportions  by  specially  constructed 

y^y-      XZ2  .^c^hines,   after  which  they  will  be  together  passed  through  a  second  dr^'er 

J        -^^"i'fcii    the  first.     The  object  of  this  is  to  still   further  reduce  the  moisture 

i  t:^        -fcia^   clay,  and  to    remove  any  surface  or  other  water  adhering  to  the  stone. 

:^veyors  will  carry  the  material  to  a  storage  bin  in  the  mill  room  of  five 
oapacity.  As  desired,  it  will  be  admitted  to  Qriffin  mills  preparatory 
j^^-^-*  ^^irther  reduced  in  the  tube  mills.  The  Griffin  mill  to  be  employed  is  a 
»^»-*^"'  ^^^    *^®  well-known  American  Qriffin  mill,  is  made  by  Mr.  A.  D.    Griffin 

^^    known  commercially  as  the   ''Senator." 
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Two  tube  milk  will  complete  the  raw  grinding,  it  being  estimated  that  these  will 
have  m  combined  capacity  equal  to  that  part  of  the  plant  previously  described. 

The  gronnd  limestone  and  clay,  at  this  stage  reduced  to  a  fine  powder  and  inti- 
mately mixed,  will  be  transferred  by  screw  conveyor  to  the  kiln  room  where  the  process 
01  dinkering  is  to  be  carried  out.  This  room  is  supplied  at  present  with  four  rotary 
kilns,  each  sixty  feet  long  and  seven  feet  in  diame^r.  They  are  set  on  a  slight 
incline,  and  the  material  to  be  calcined  will  be  fed  in  at  the  upper  end,  and  the  ground 
oral  for  fu^  at  the  lower.  As  in  the  process  of  drying,  the  material,  now  white-hot 
clinker,  will  be  discharged  at  the  lower  end  of  the  kiln.  Here  it  will  be  received  into 
rotary  coolers— one  for  each.  kiln.  These  coolers  are  analogous  in  construction  to 
fhe  rotary  driers,  and  are  similarly  longitudinally  divided,  but  are  not  lined  in  any 
ray. 

A  feature  of  this  plant  is  the  method  employed  of  utilizing  the  heat  of  the  com- 
bustion gases  from  the  rotary  kilns.  Adjacent  to  the  upper  end  of  each  kiln  i«i 
instsdled  a  450-h.  p.  Babcock  and  Wilcox  tubular  boiler.  The  gases  from  the  kiln 
prior  to  being  discharged  into  the  open  air  will  pass  down  and  through  a  brick  arch 
and  underneath  the  boiler.  These  gases  will  be  at  an  estimated  temperature  of 
2l,000^  F.,  and  their  surcharge  of  heat  will  be  utilized  to  make  steam  for  the  develop- 
ment of  the  power  for  operating  the  plant.  When  necessary,  the  heating  of  these 
boilers  may  be  supplemented  by  stoking.  The  designers  estimate  that  seventy  per 
cent,  of  the  power  required  will  be  generated  in  this  way.  When  it  is  remembered 
that  the  mere  act  of  converting  one  pound  of  water  at  boiling  lemperature  into 
flfewn  at  the  same  temperature  requires  536  times  as  much  heat  as  to  raise  a  pound 
of  water  through  one  degree,  it  will  be  understood  that  the  waste  gases  in  any  system 
of  dry  burning  will  be  at  a  much  higher  temperature  at  exit  than  where  fluid  slurry 
is  vsed.  A  recognition  of  this  principle  led  to  this  metbod  of  using  what  would 
cthflnriae  have  been  a  great  waste  of  energy. 

Another  exemplification  of  economy  in  design  is  the  use  of  the  heated  air  from  the 
rotary  coolers  to  produce  the  combustion  of  the  ground  coal  in  the  rotary  kilns.  This 
air  heated  to  a  moderately  high  temperature  through  coming  in  contact  with  the 
irhite-hot  clinker,  will  be  drawn  into  the  kilns,  and  this  heat  will  be  of  assistance  in 
producing  the  intense  temperature  required  in  the  process  of  clinkering. 

The  clinker,  after  being  discharged  from  the  coolers,  is  conveyed  to  the  grinding 
room,  the  final  and  raw  grinding  being  accomplished  under  the  same  roof.  Th^ 
ground  cement  wlil  be  stored  in  a  stock  house  100  feet  wide  and  600  feet  long,  coa- 
Tenient  for  shipping  either  by  boat  or  rail.  Two  docks,  one  for  the  unloading  of  coal, 
mnd  the  other  for  the  shipping  of  the  cement,  have  been  constructed  and  afford  a 
depth  of  seventeen  feet  of  water. 

The  power  equipment  consists  of  a  600-h.p.  Ck>rliss  tandem  compound  engine, 
n«ade  by  the  John  Inglis  Company,  direct  connected  with  an  eight-inch  line-shaft. 
This  drives  all  the  machinery  in  the  mill  room.  In  addition,  there  is  a  400-  k.  w 
Weetinghouse  steam  turbine  direct  connected  to  a  generator  which  operates  every- 
thing else.  An  emergency  engine  of  150-h.  p.  is  also  provided.  The  whole  steam 
plant  will  be  condensing,  the  water  being  supplied  by  centrifugal  pumps.  Individual 
motors  are  largely  employed  throughout  the  works.  The  management  look  forward 
to  the  utilisation  at  some  future  time  of  the  power  of  the  Trent  river.  This  power 
could  be  developed  and  transmitted  electrically  possibly  at  a  less  cost  than  steam  at 
the  works. 

A  fud  building  has  been  erected.  Grifiin  mills  will  be  employed  to  grind  the  coal. 
The  initial  capacity  will  be  one  thousand  barrels  per  day,  but  provision  has  been  made 
for  its  ultimate  increase  to  two  thousand  five  hundred  barrels  by  the  addition  of  more 
machinery. 
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The  Canadian  Portland  Cement  Company,  Limited 

President  £.  Walter  Rftthbiuiy  DMeronto. 

Manmging  Director  F.  G.  B.  Allan,  Desenmto. 

Works  Marlbank  and  Btrathoona. 

Brand  ••SUr." 

Capitalisation  $1,500,000. 

Messrs.  Rathbun  A  Co.  were  among  the  first  to  attempt  the  manufacture  of 
Portland  cement  in  Canada.  Their  first  plant  at  Napanee  Mills,  now  Strathoona,  on 
the  Bay  of  Quinte  railway,  manufactured  natural  cement  from  1880  to  18d7,  the 
material  being  found  in  the  Trenton  limestone  of  that  locality.  The  company's  first 
experiments  in  the  manufacture  of  Portland  cement  from  marl  were  made  about  1886, 
and  were  continued  for  five  years  at  great  expense  before  any  Tery  encouraging 
results  were  obtained.  As  a  commercial  enterprise  in  Ontario,  tins  industry  therefore 
really  dates  from  1891.  At  that  time,  the  Rathbun  Company  had  erected  at  Napanee 
Mills,  three  upright  masonry  kilns  for  the  burning  of  Portland  cement,  the  marl 
being  obtained  from  Marlbank  station,  thirty  miles  from  the  plant.  The  clinker  in 
those  days  was  broken  in  jaw  crushers  and  ''edge  runners,"  and  receiyed  its  final  treat- 
ment in  the  buhr  stones.  These  methods  have  been  completely  superseded  in  Ontario 
by  others  which  have  proven  more  economical  and  more  efllcient.  but  it  must  be 
granted  that  the  well-nigh  perfect  processes  now  in  vogue  are  the  evolution  of  the 
defective  methods  of  the  pioneers  in  the  industry,  to  whom  for  energy  and  persever- 
ance, we  of  to-day  owe  a  debt  of  gratitude. 

A  company  organized  under  he  title  of  the  English  Portland  Cement  Company, 
b^gan  the  manufacture  of  Portland  cement  at  Marlbank  about  1891.  In  1898  tbe 
Beaver  Cement  Company  of  Montreal,  with  capital  furnished  principally  by  Phila- 
delphia people,  took  over  this  plant  and  operated  it  until  1900,  when  the  Rathbun 
Company's  interests  were  amalgamated  with  the  Beaver  Cement  Company's,  the  result 
being  the  Canadian  Portland  Cement  Company. 

THE  STRATHCONA  PLANT 

The  Strathcona  plant  during  the  past  year  did  nothing  except  grind  a  psrt 
uf  the  clinker  produced  at  the  Marlbank  works,  and  the  probability  is  that  its  mixini{ 
and  burning  appliances  will  not  again  be  called  into  requisition.  A  brief  description 
of  these  may  be  read  with   interest. 

The  clay  and  marl  were  mixed  in  a  rotary  washmill  thirty  feet  in  diameter,  ground 
in  a  tube  mill  and  pumped  to  the  storage  vat  twenty  feet  in  diameter  and  eight  feet 
deep,  where  the  slurry  was  tested  and  adjusted.  Part  of  this  was  then  dried  in  three 
rotary  Cummer  driers,  from  which  it  was  conveyed  to  the  pug-mill.  Here  the  dried 
slurry  was  mixed  with  sufficient  wet  slurry  to  produce  a  batter  that  oould  be  made  into 
bricks  in  the  brick  machine.  These  bricks  were  loaded  on  to  cars  provided  with  racb 
and  pallets,  and  run  into  the  drying  tunnels.  These  tunneb  are  one  hundred  feet 
long  and  hot  air  was  continually  being  drawn  through  them.  The  process  of  drying 
occupied  two  or  three  days,  at  the  end  of  which  time  the  cars  were  taken  from  the 
other  end  of  the  tunnels,  and  the  bricks  conveyed  to  the  kilns.  There  are  two  con- 
tinuous Dietsch  kilns,  two  continuous  Alborgs,  and  two  intermittent  bottle  kilns. 
The  fuel  used  for  those  of  the  first  and  second  types  was  soft  coal,  but  for  the  latter, 
coke  exclusivoly  was  employed.  The  cement  made  in  these  bottle  kilns  was  usually  of 
excellent  quality,  and  was  of  a  peculiar  bluish  gray  color,  which  formerly  was  generally 
regarded  as  superior  and  is  still  preferred  by  some.  These  kilna  had  a  capacity  of  one 
hundred  and  twenty-five  barrels  each  per  burning,  'which  waa  of  three  or  four  days* 
duration. 

The  grind inj:    is   now    done   in   two    ball    and  tViw:<Si   tube   mills  installed    in   1896. 
Power  for  this  purpose  is  transmitted  from  the   stoa^  la  plant  to  the  grinding  building 
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•  dutance  of  three  hundred  feet,  by  rope  drire.  The  company  has  its  own  fire-fighting 
appliances,  tnd  maintains  a  laboratory  where  daily  physical  tests  on  the  coment  »m 
made.  The  brand  here  aa  at  Harlbank  is  "Star,"  but  a  silica  cement  is  also  mann- 
factured.  This  is  made  by  adding  to  the  cemimt  in  the  process  of  grinding  a  quantity 
of  qiiarte  snnd.  which  is  also  subjected  to  abrssion  in  the  tube  mills  The  output  at 
Rtrathcona  is  four  hundred  barrels  per  day. 
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THE  MARLBANK  PLANT 

This  modem  plant   is  situated  at  the  village  of   Marlbank, 
railwny,  twenty-five  miles   north  of  Strsthcono.       At  present,  it 
capacity    is    isilfficicnC    to   keep    employed   tlie    grinding    plants   at 
Strathcona,  the  clinker  being   shipped   from  the   farmer  by   rail. 

Marl  and  clay  are  the  raw  materials  and  are  at  present  obtained  from  Dry  lake, 
adjacent  to  the  works,  the  water  having  been  lowered  for  the  purpose.  From  ten 
to  twenty  feet  of  marl  is  found  beneath  the  water,  and  below  this  in  turn  is  the  cliy 
varying  in  depth  from  ten  to  twenty  feet.  A  locomotiio  and  train  of  cars  is  constantly 
f-joployed  in  hauling  the  materials  from  the  movable  dredge  to  tlie  works.  In  addition 
the  company  has  two  other  very  convenient  sources  of  materials,  namely,  Lime  lake 
and  White  lake,  the  latter  comprising  some  eight  hAindred  acres.  It  is  safe  to  say 
that  there  is  here  sufficient  material  to  last  several  hundreds  of  years  at  the  preeeat 
rate  of  consumption. 

The  marl  and  clay  are  dumped  into  the  washmilU,  of  which  there  are  three — 
one  tor  the  clay  and  two  for  the  marl.  The  ingredients  work  through  gratings  ints 
chambers,  fnnn  which  they  are  pumped  into  measuring  cylinders.  Of  these  there  are 
two,  on*  for  the  cloy  and  one  for  the  marl.    These  empty  into  a  common  tank,  from 


which  th«  suppl;  for  the  raw  grinding  machin»— tuba  milla  And  StnrtoTmat  «m«f7 
nonce — is  drmwn.  Following  the  gritidiDK,  the  slurry  i*  conreyvd  to  receiTing  tenia, 
«here  it  is  tested,  and  if  neccsssrv,  corrected  by  the  additim  of  the  constituent 
lacking.  Pumping  from  these  tsuka  to  large  steel  or  concrete  storage  tanks,  ten  in 
all,  having  a  united  tapacity  of  two  thon&and  five  hundred  barrels,  where  the  mix 
LI  again  tested,  completes  the  preparation  of  the  material.  To  prevent  settlement  of 
the  heavier  part  of  the  mixture,  air  under  a  pressure  of  nine^  lbs.  per  sqaare  inch 
L«  carried  duwn  vertical  pipes  to  within  a  few  inches  of  the  bottom  of  the  storage 
tankx.  This  ki>ep<>  the  slurry  in  a  state  of  constant  ebullition,  and  is  fonnd  to  be 
a  most  successful  method  of  attaining  an  end  much  desired. 

A  floor  trough  with  its  axis  perpendicular  to  the  axes  of  the  rotery  kilns  an] 
almost  directly  beneath  their  high  ends,  receives  its  supply  from  any  or  all  of  th! 
iiorage   tank^   as    desired.      A   revolving    "beater"    running   fhe  entire    length   tf   tttt 


tri>ugh  prevents  seitlemenl  oi  the  slurry  prior  to  its  being  pumped  into  the  kilns. 
The  pumps  have  adjustable  crank  pins,  so  that  the  length  of  str<Ae,  and  oonseqaenUy 
the  quantity  i-'f  slurry  pviuipod  is  under  complete  control. 

Th*>  Mar. bank  plant  has  nine  rotary  kilns,  four  being  ninety-fire,  and  the  romain- 
ins  Svi>  Mity  ioft  long,  Tlio  lonpor  onos  on  the  whol*  give  the  better  satisfaction,  and 
of  course  havo  a  much  larger  rapacity  per  diem. 

Ground  coal  is  Mown  in  at  the  lower  *nd  of  the  kilns,  the  speed  of  the  kUns  » 
well  as  tho  lu.'l  supply  being  contn-.lled  by  Mosser  cone  speed -regttlators.  The  coal 
preparation  plant  ivnsists  of  two  fony-fixM  rotary  driers,  a  Smidth  ball  mill  and  three 
tub*  mills  in  the  order  named.  The  clinkor  is  elevated  from  the  kilns  and  has  its 
heat  ahstract.xl  in  toiir  Mossor  rtvlers,  after  which  it  is  ready  for  the  grinding  room. 
Grinding  is  done  in  two  No.  7  Smidth  ball  mills  and  a  Smidth  kominuter,  the  two 
being  similar  in  prinoiple.     TiiIm>  milU  .vinploto  the  grinding  of  the  cement,  and  a' 
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U  uiual  with  these  mAchinea,  they  are  lined  with  silex  (flint)  stone.  The  product  from  the 
[reliminar;  grindins  is  admitted  through  the  trunnion,  and  ia  discharged  at  the 
oppoBite  end.  A  conveyor  carries  the  finished  cement  underneath  the  Bay  of  Quints 
twitch  to  the  storehouse  ou  the  opposite  side. 

The  power  required  U  supplied  by  a  Wheelock  tandem  compound  six  hundred 
htrse  power  condensing  engine,  two  others  of  the  same  style  of  three  hundred  and 
fifty  horse  power  each  and  an  "Ideal"  for  electric  lighting  purposes.  The  plant  is 
provided  with  a  machine  shop  equipped  with  all  machines  necessary  for  making 
Oi'dinary  repairs,  a  brasa  foundry  and  a  most  complete  laboratory  and  assay  offine. 
A  library  and  comfortable  reading  room  supplied  with  magazines  and  current  litera- 
ture ia  provided  for  the  entertainment  of  the  workmen.  The  capacity  of  the  plant 
id  one  thousand  three  hundred  and  fifty  barrels  per  day.  "Star"  cement  enjoys  a 
favorable  reputation,   and   is  marketed   from  coast  to  coast. 

The  Colonial  Portland  Cement  Company 

President  Klbert  L.  Buell 

Vice-Preaident  E.  Young  Jackson. 

Secretary-Treasurer David  A.  Wright,  Wiarton,  Ont. 

Authorized  capital  ^800,000. 

Worka  Wiarton. 


(ieneiul  view,  The  Oil.inial  r..rtlai»d  Cvm.'nt  Co.,  Wiiirlon. 
The  plftnt  of  the  Colonial  Portland  Cement  Company  is  located  on  Colpoy's  bay 
oi  the  outskirts  of  the  picturesquely  situated  town  of  Wiarton,  and  is  in  a  fair  way 
to  early  completion.  The  Grand  Trunk  railway  haa  extended  its  lines  to  the  plant, 
and  thus  the  company  is  in  a  position  to  ship  by  rail  as  well  as  by  water.  A  shipping 
dock  800  feet  long  founded  on  piles  and  cribwork,  and  rendering  available  a  depth 
of  water  of  14  feet  has  been  const  met  ed.  This  is  provided  with  a  tramway  which 
runs  from  the  boata  to  the  mill. 
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The  properties  cnrited  by  the  company  vhich  afford  •  a^pplT  of  raw  m*t«ri«la  mre 
in  two  aepsrate  localitiei.  The  firrt  of  thcaa,  portions  of  loU  9,  10  uid  11,  conoaaiaii 
3U  and  23  of  the  township  of  Eeppel,  ii  but  a  mile  and  a  half  from  the  works.  lb  ■> 
a  marsb-Iike  area,  capable  of  easy  drainage,  and  compriaea  one  hundred  and  eightr- 
nine  acres,  with  a  depth  of  marl  runninK  to  fire  feet.  Clay  underlies  the  mar],  A 
growth  of  peat  a  few  inches  in  thickness  will  neceaaitate  a  little  preparatory  aarface 
ttrippiug.  A  line  of  railway  to  connect  this  deposit  with  the  worka  is  in  proceai  of 
construction  b.v  the  company.  The  gradient  to  the  plant  is  falling  thrpughont,  thus 
facilitating  the  carriage  of  materials  to  the  mill. 

The  i^econd  area  available  is  known  as  lake  Scales,  and  ia  four  miles  from  thd 
plant.  This  lake  is  extremely  shalloir,  baring  leu  than  two  feet  of  water.  The  area 
■9   SOS   acres,   and   the   depth  of  marl    is    from    five   to  twenty-seven   feet.      Ab   in  tbd 
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quatitity  of 

marl  .nvailablf. 

addition   th, 

.TO  is  a  qiiaiiti 

m  of  cky  underlies  the  marl.  This  has  a  depth  of  two 
the  liikc  ba^  been  made  with  a  view  to  ascertaining  the 
This  has  been  esiimattd  at  lour  million  cubic  yards,  tr 
.-  of  sbali-  obtainable  from  While  Cloud  island  convenieac 
to  the  works,  nliiib  invosti):.iiii>n  lia:^  shown,  will  be  extremely  useful  in  the  process 
o*    maniifai't  lire. 

From  a  Iri'sllo  work  on  the  tympany's  line,  the  raw  materials  can  be  duropsd 
convt'nienlly  for  hiindlintr  at  the  lii<i:iniiin(!  of  the  proress.  The  marl  will  pass  througa 
ItonnMt  M'|<nrii1i>rs  wbioh  romovo  $to]ii<ii  nnd  other  dibris.  Then  it  will  pass  to  ■ 
fonir.'lf  >iornK"  I'it.  Tb.'  shnlo  if  ompliiycil  will  be  reduced  in  some  form  of  crusher. 
Aftor  i>i'»ii»rti>iiiiii)-.  t1i<>  tux  mntt'rials  will  Ih>  mixed  with  the  necessary  quantity  of 
wnti'r  ill  Hoiuiol  piij:  iiiillr<  nf  fmir  oiibi.-  y.irds  capacity  each,  aft«r  which  the  mis  will 
Lo  trniisri'm-il  tn  sIihhkk  pit  iiiimWr  two.  Tbc  soparaiion  of  the  incredients  la  here 
pretcntiMJ  by  rotary   blniio  iini'iHi""      '\'\w  raw  prindinp  will  be  done  in  tube  mills  to 
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dynamite  and  teamed  to  the  mill.     The  construction  of  a  narroir  gauge  track  from 
the  works  to  the  clay  pit  is  another  contemplated  improvement. 

The  company  have  constructed  a  coal  and  shipping  dock  on  the  bay,  and  this 
together  with  suitable  piers  and  elevated  trestles  facilitates  the  economical  handling 
of  raw  materials,  coal  and  the  manufactured  article. 

From  the  elevated  trestle  the  marl  is  conveyed  in  narrow  gauge  cars  eacE  of  one 
cubic  yard  capacity,  to  the  washmill.  The  clay  is  stored  under  a  roof,  and  is  weighed 
into  the  crusher,  which  in  turn  discharges  into  the  washmill.  In  the  opinion  of  the 
superintendent,  however,  quite  as  good  results  will  be  obtained  without  crushing  the 
clay,  and  hence  this  part  of  the  process  may  shortly  be  abandoned. 

The  washmill  is  of  concrete,  octagonal  in  form,  and  is  supplied  with  three  drags. 
The  mix  gradually  works  through  a  grating  into  a  pit,  from  which  it  is  elevated  tn 
two  pairs  of  Sturtevant  vertical  emery  stones.  From  here  it  is  pumped  to  the  storage 
tanks,  four  of  steel  and  one  of  wood,  which  supply  the  kiln  trough.  This  pump  h 
a  double  cylinder  one,  and  it  is  so  arranged  that  pumping  may  be  done  into  any  one 
of  the  five.  The  slurry  is  tested  when  a  tank  is  nearly  full,  and  is  not  used  until  the 
mix  is  satisfactory.  A  tank  of  slurry  can  be  corrected  in  the  space  of  half  an  hour. 
Compressed  air  is  used  to  agitate  the  slurry.  The  method  of  piping  compressed  air 
into  the  trough  beneath  the  kilns  has  recently  been  abandoned  in  favor  of  a  screw 
agitator.  One  of  the  three  kilns  is  seventy  feet  long,  the  others  being  but  sixty. 
These  were  supplied  by  the  Vulcan  Iron  Works  Company  of  Wilkesbarre,  Pa.,  and  by 
the  Bonnot  works.  The  speed  of  the  kilns  and  the  supply  of  ground  coal  are  both 
controlled  by  Reeves'  drives.  The  clinker  is  elevated  from  the  kilns  and  conv^ed  to 
the  clinker  room,  where  it  is  allowed  to  cool  in  air.      No  mechanical  cooler  is  employed. 

The  grinding  is  done  in  Krupp  ball  and  tube  mills.  Before  being  admittted  to 
the  first  of  these  mills,  the  clinker  is  weighed.  The  cement  is  finally  conveyed  to  the 
stock  room  where  the  packing  is  done.  Tlue  company  ships  in  barrds,  and  in  paper 
and  cotton  bags. 

The  coal  is  first  crushed  between  rolls,  passed  through  a  rotary  Cummer  drier  and 
then  ground  in  a  Griffin  mill.  Power  for  the  plant  is  supplied  by  a  450-h.  p.  Jerome- 
Whoelock  compound  tandem  engine,  made  by  Goldie  and  McCulloch  of  Gait,  and  b 
l50-h.  p.    ''Ideal"    for  electric  lighting. 

The  company  has  purchased  upwards  of  400  acres  of  marl  deposit,  of  which  the  upper 
deven  feet  are  said  to  be  of  gooH  quality.  Below  this,  the  quality  seems  to  deteriorate. 
The  result  is  that  while  a  good  grade  of  cement  is  possible  from  marl  taken  from 
greater  depths,  the  expenses  of  manufacturing  are  considerably  higher.  Six  acres 
of  clay  of  a  depth  of  fifty  feet  is  the  available  supply  at  present.  No  surface  stripping 
is  necessary,  although  in  the  case  of  the  marl,  about  one  foot  of  peat  has  to  be  th- 
moved.  The  present  output  is  200  barrels  per  day,  but  with  the  addition  of  two  moro 
kilns  and  the  necessary  storage  tanks  and  grinding  machinery,  the  capacity  will 
doubtless  be  doubled.  The  buildings  are  of  limestone  and  brick.  All  machinery  is  sup- 
ported on  massive  piers.  A  properly  equipped  laboratory  is  maintained,  and  » 
competent  chemist  employed. 

Hanover  Portland  Cement  Company 

President  and  Managing  Director  D    Knechtel,  Hanover,  Ont. 

Vice   President   Jas.  H.  Adams,  Hanover,  Ont. 

Secretary-Treasurer  and  Manager Milton  J.  Muter,  Hanover,  Ont. 

Authorized  capital  $600,000. 

Works  Hanover,  Ont. 

Brand  "Saugeen." 

This  company  has  been  manufacturing  Portland  cement  since  the  summer  of 
1898.  The  works  are  situated  on  the  Saugeen  river  convenient  to  a  waterfall  which 
supplies  a   maximum   of  five    hundred  horse   power  during   four   months  of  the  yesr 
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k'oT  the  development  of  this  b  auitahle  power  house  hu  been  erected.  Two  Samson 
turbines  stnd  a  generator  hare  been  installed,  and  the  power  electrically  transmitted 
to  the  works,  a  distance  not  exceeding  a  quarter  of  a  mile.  It  has  been  found 
neceoar;  to  supplement  the  work  of  the  turbines  during  the  dry  season,  and  for  this 
pnrpoee  eteam  is  employed. 


i^~                          ^^.                               1 

1 

Bwi         --^-^■^•'^•^^ 

1 

Id  the  township  of  Brant,  a  mile  and  a  half  from  the  works,  are  situated  the 
company's  marl  deposits,  comprising  150  acres  of  a  depth  of  sixteen  feet.  The  surface 
ia  coTered  with  a  growth  of  peat  from  six  inches  to  a  foot  deep.  Clay  underliee  the 
marl  deposit,  but  is  also  found  in  the  hill  adjacont  to  the  plant  in  siiftidGnt  quantiry 
for  the  entire  marl  available.  This  supply  is  at  present  being  used.  The  marl  is 
raised  by  clam-sb<<'',  'Iredge,  filled  into  specially  construtted  dump  cars,  and  haul«d 
to  the  mill  by  a  lu.  "Hnotive  on  a  three-foot  gauge  track.  The  clay  is  filled  into  carts 
by  baai*.  and  teamed  to  the  mill,  a  distance  of  only  a  few  hundred  yards. 

The  marl  is  dumped  in  measured  quantities  from  the  track  trestle  into  a  wash- 
mill,  into  which  the  clay  ia  also  weighed.  Following  this,  the  grinding  is  done  i.i 
tmery  atones  and  the  slurry  stored  in  two  tanks  each  of  one  hundred  and  fifteen 
barrels  capacity.  Rotary  stirrers  in  these  tanks  prevent  the  separation  of  th? 
materials. 

The  burning  is  done  in  eight  kilns  of  the  Batchelor  type  elswhere  described.  The 
ilnrry  is  piped  to  the  drying  floors  beneath  the  arches  leading  from  the  kilns  to  the 
stack,  and  when  sufficiently  dry  is  moved  forward  to  the  burning  chamber  by  hand. 
The  arches  are  45  feet  long  and  the  interior  diameter  of  the  kiln  proper  ia  about 
k  feet.      Twelve  furnaces   on   an   average  are   drawn   per   week   from  the  eight 
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Orinding  of  the  clinker  ii  done  in  Smidth  ball  And  tube  milla,  k  jftw-oriuber 
being  employed  for  the  preliminary  reduction.  A  belt  conveyiir  Cftrriea  tbe  fiuiBhed 
cement  to  a  store  room  of  twenty  thousuid  barreU'  capmcity.  Packing  ia  done 
entirely  in  ba^.       The  outcrop  of  the  plant  is  two  hundred  barrels  per  day. 


HHri.jveri'ortl»iia  tVrufiitCo.      The  clieuiifal  laboratory. 

The  Imperial  Portland  Cement  Company 

Preeideut    M.  Kennedy. 

Secretary-Treasurer    J.  W.  Maitland,  Owen  Sound. 

Authorized  capital  .*250,000. 

Worlte  Owen  Sound. 

Brand "Imperial." 

The  semi-wet  method  of  mixing  renders  the  process  of  making  "Imperial"  cement 
quite  different  from  moat  of  those  at  present  in  vogue  in  Ontario,  though  quite 
similar  to  that  in  use  at  Strathcoiia  until  a  year  ago.  The  clay  is  first  passed  between 
a  pair  of  plain  rolls  driven  at  different  speeds.  Then  it  is  dried  in  a  rotary  Ruggle* 
machine,  from  which  it  is  conveyed  to  the  emery  stones,  which  reduce  it  to  a  powd«. 

A  Ruggles  drier  consists  of  two  cylinders  made  of  boiler  plate,  with  a  common 
axis,  this  axis  as  is  usual  with  rotary  driers  being  sot  on  a  slight  incline.  A  furnace 
for  the  reception  of  the  fuel— Blacked  coal  in  this  instance — is  provided  beneath  the 
lower  end.  The  furnace  gases  pass  down  the  inner  tube,  and  are  then  admitted  to  the 
annular  space  between  it  and  the  outer  one.  They  return  by  this  passage  to  du 
stack  immediately  above  the  furnace,  and  in  so  doing  come  in  contact  with  the  material 
to  be  dried,  which  is  admitted  to  this  same  passaga  from  the  upper  end.  Channel 
irons  are  rivettcd  to  Ihc  outside  of  the  inn^r  cyliii<]<.r  and  to  the  inside  of  the  outer, 
and  the  revolving  motion  given  to  both  insures  to  the  material  a  thorough  toving 
and  conflequently,  a  pretty  complete  drying. 
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After  grinding,  the  clay  is  stored  in  three  tanks  provided  with  hopper  Males, 
by  means  of  which  it  is  weighed  into  the  '^mixing  pan,"  into  which  the  marl  after 
being  weighed  is  also  dumped.  This  ''mixing  pan"  is  in  the  form  of  a  shallow 
cylinder  and  has  a  vertical  centre  shaft.  This  shaft  carries  two  horizontal  arms  con- 
stituting virtually  a  diameter  of  the  so-called  pan.  The  extremity  of  each  arm  is  the 
axle  of  a  ponderous  wheel  or  roller  which  through  the  rotary  motion  of  the  upright 
shaft  is  made  to  take  a  circular  path  also  around  the  bottom  of  the  pan. 

Part  of  the  mix  from  the  pan  goes  through  a  second  Ruggles  drier,  the  rest  going 
at  once  to  the  pug  mill,  and  from  it  to  the  brick  machine.  The  object  of  drying  a 
portion  only  is  to  enable  the  operators  by  mixing  the  dried  material,  with  the  un- 
dried  to  secure  any  desired  plasticity  at  the  exit  from  the  pug  mill.  The  briclE 
machine  is  provided  with  an  expression  screw  and  a  nozzle  measuring  ten  inches  by 
four  and  a  half  inches.  From  this  nozzle  a  constant  ''stream"  of  stiff  mortar-like 
slurry  is  delivered  to  a  carrying  belt.  An  operator  with  a  wire  "cutter"  chops  thta 
"stream"  into  bricks  four  or  five  inches  wide.  These  bricks  are  then  loaded  by  hand 
on  cars  having  suitable  frames  which  are  run  into  drying  tunnels  one  hundred  feet 
long.  Of  these,  there  are  fourteen.  Each  tunnel  can  accommodate  fifteen  cars.  Hero 
fbe  bricks  for  some  thirty  hours  are  exposed  to  a  blast  of  hot  air  supplied  by  two 
forty-eight  inch  fans.  At  the  end  of  this  time  they  are  quite  dry,  and  the  cars  arc 
run  out  and  elevated  with  their  load  of  bricks  to  the  charging  floor  of  the  Alborg 
kilns.  There  are  four  of  these  kilns,  and  from  the  highest  floor  the  bricks  are  charged 
into  the  furnace.  On  the  next  floor  the  stoking  is  done.  The  burning  takes  place 
largely  below  these  fire-holes,  and  the  cooling  below  this  in  turn. 

The  clinker  is  drawn  from  below  four  times  in  twenty-four  hours. 

The  grinding  of  the  clinker  is  done  in  Smidth  ball  and  tube  mills.  Packing  is 
done  in  bags  and  barrels  by  hand.  The  capacity  of  the  plant  is  three  hundred  barrels 
per  day,  and  the  cement  is  marketed  chiefly  in  Ontario  and  the  Canadian  west. 

The  marl  is  obtained  from  Williams  lake,  in  Holland  township,  a  distance  of 
thirteen  miles  from  the  plant.  The  area  is  one  hundred  acres,  and  the  depth  exceeds 
thirty  feet  on  the  average.  It  is  brought  to  the  works  by  the  Canadian  Pacific  railway. 
Both  red  and  blue  clay  are  used,  the  former  being  a  quarter  of  a  mile  from  the  worb 
and  the  latter  across  the  bay,  on  which  the  company  has  constructed  a  good  shipping 
dock.     In  this  latter  place  there  is  a  deposit  of  one  hundred  acres  in  extent. 

The  management  are  contemplating  some  radical  changes  in  the  plant  with  a 
view  to  adopting  the  wet  system  of  mixing. 

The  International  Portland  Cement  Company 

President   W.  F.   Cowham. 

Vice-President    A.  F.  MacLaren,  M.  P.,  Stratford. 

Secretary  I*.  W.  Stanhope,  Toronto. 

Treasurer   D.  Jamieson,    M.  D.,   Durham. 

Authorized  capital   $1,000,000. 

Works  Hull,  Quo. 

Though  not  situated  in  Ontario,  being  just  across  the  Ottawa  river  at  Hull,  in 
the  Province  of  Quebec,  these  works,  at  present  in  process  of  erection,  are  largely 
owned  by  men  interested  in  cement  manufacture  in  Ontario,  and  when  completed, 
will  be  the  largest  in  Canada.  Like  the  Belleville  plant,  this  one  will  use  limestoae 
instead  of  marl,  both  it  and  the  clay  being  obtained  in  practically  the  same  {Aaco. 
The  company  has  acquired  an  area  of  over  four  hundred  acres,  three  hundred  of  which 
is  limestone  sixty  feet  in  depth,  the  remaining  being  clay.  The  limestone  is  said  to 
be  remarkably  uniform  in  composition  at  all  depths,  varying  scarcely  more  than  one 
per  cent,  in  lime  content. 

The  plant  is  being  erected  on  the  shore  of  lake  Leamy,  near  the  city  of  Hull, 
which  without  much  cutting  can  be  connected  by  navigable  canals  with  the  Gatineiu 
snd  Ottawa  rivers. 

■«0a  M. 
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A  unique  feature  of  the  equipment  is  the  method  to  be  adopted  in  bringing  the 
raw  materials  from  the  quarry  and  clay  beds  to  the  works.  Huge  wooden  towen  hvkve 
been  erected,  two  at  the  raw  material  buildings  and  other  two  at  points  where  tha 
limiestone  and  clay  can  be  loaded  for  transportation  to  the  plant.  Stout  cables  have 
been  stretched  from  top  to  top  of  these  towers,  and  from  the  cables  cars  will  be  swung. 
The  raw  materials  will  thus  be  rapidly  and  cheaply  transported  to  the  mill.  The  span 
between  the  towers  for  the  limestone  is  sixteen  hundred  feet,  and  b«»tween  those  for 
the  clay,  eleven  hundred. 

The  clay  will  be  first  passed  through  a  disintegrator,  and  thence  conveyed  by 
inclined  belt  upward  to  two  rotary  driers  sixty  feet  by  six.  By  a  screw  conveyor,  't 
will  pass  to  an  edge  runner,  and  by  elevator  to  the  clay  storage  room,  a  brilding  110 
by  56  feet,  and  having  a  capacity  of  seven  thousand  tons,  equal  t<o  four  months'  coa- 
somption.  This  storage  room  has  a  tunnel  underneath  into  which  sixteen  hoppers  from 
the  room  above  can  discharge.  In  this  way,  clay  from  any  part  of  the  building  may 
be  drawn  on  for  the  daily  needs  of  the  kilns,  the  supply  for  which  is  always  taken 
f-om  below  by  screw  conveyors  located  in  the  tunnel.  Measuring  hoppers  constructed 
on  a  telescopic  principle  so  that  their  capacity  may  be  altered  as  desired  are  employed 
here  to  measure  volumetrically  the  clay  prior  to  its  being  admitted  to  the  Gates  tube 
mills.  The  output  of  these  tube  mills  will  be  of  sufficient  fineness  to  pass  ninety-five  per 
cent,  through  a  numHer  one  hundred  sieve.  The  material  will  be  next  elevated  ^o 
hoppers  which  feed  the  rotary  kilns. 

The  limestone  will  be  brought  to  the  mill  by  a  device  identical  with  that  b> 
which  the  clay  is  to  be  handled.  A  large  Gates'  crusher  will  £rst  reduce  the  rock  to 
a  li-inch  size,  after  which  it  will  be  sorted  in  a  revolving  screen ;  that  which  is 
I  ejected  by  the  screen  will  go  through  a  second  Gates'  crusher,  after  which  it  and  the 
finer  size  from  the  first  crusher  will  be  conveyed  to  the  stone  storage  room.  The 
CI  ushers  are  to  be  driven  by  individual  electrical  motors. 

The  stone  storage  room  is  of  design  similar  to  that  of  the  clay  storage  room,  and 
has  the  same  style  of  drawing  tunnel  underneath.  A  bucket  conveyor  completely  sur- 
rounds the  room,  passing  through  the  tunnel  underneath.  A  "tripper"  at  the  roof 
IS  mounted  on  a  track  so  that  the  stone  can  be  discharged  wherever  desired.  Surface 
water  on  the  stone  running  to  perhaps  1^  per  cent,  is  removed  by  rotary  driers 
similar  to  these  employed  to  dry  the  clay.  After  being  dried,  the  limestone  will  be 
conveyed  to  hoppers,  which  in  turn  will  feed  the  Krupp  ball  mills  which  are  to  reduc3 
the  stone  to  20-mesh.       This  grinding  will  be  completed  in  the  tube  mills. 

The  burning  will  be  don<^  in  a  battery  of  eight  rotary  kilns  each  sixty  feet  long. 
Provision  will  be  made  to  utilize  the  heat  from  the  rotaries  in  warming  the  buildings. 
The  clinker  will  be  cooled  by  drawing  a  blast  of  air  over  it  after  it  drops  from  the 
rotary  kilns.    The  heat  thus  evolved  will  be  employed  in  drying  the  coal. 

The  clinker  grinding  will  be  done  in  ball  mills  and  tube  mills.  Most  complete 
arrangements  for  handling  the  clinker,  for  transporting  to  and  from  the  grinding 
machines,  and  for  storing  and  packing  the  finished  product,  are  being  made.  The 
total  floor  space  will  be  three  and  a  half  acres.  The  buildings  are  of  a  most  substantial 
character,  the  foundations  being  concrete,  and  the  walls  up  to  ten  feet  from  the 
ground  being  artificial  stone.  Expanded  metal  is  largely  employed  for  the  upper 
portions  of  the  walls  and  for  the  roofs. 

Coal  for  fuel  in  the  rotaries,  as  stated  above,  is  first  dried,  then  crushed,  and 
fmally  ground  in  tube  mills.  The  store  room  for  crushed  coal  is  200  feet  by  48  feet, 
and  has  a  very  complete  type  of  continuous  conveyor  that  can  be  used  either  for  filling 
or  emptying. 

Power  will  be  obtained  from  one  of  the  Hull  water  power  companies  at  the 
low  price  of  $15  per  horse  power  per  year.  This  is  a  factcr  which  will  no  doubt  con- 
tribute to  the  economical  operation  of  the  plant.  In  addition  to  this,  the  company 
has  purchased  the  water  rights  and  lands  necessary  for  the  development  of  a  fine  water 
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power  on  the  Gatinean,  known  sa  the  Cucmdea.      It  ii  said  that  at  low  water  oTer 
14,000  horse  pow«r  are  here  available,  and  that  the  Axpenwa  of  development  will  not 


Hegarding  shipping  facilitiea,  the  prospoctus  of  the  company  has  this  to  ny- 
"I'be  two  raw  materials  lie  side  b;  side  and  distinctly  separate  from  each  uther  at 
the  connection  of  the  Canadian  Pacific  railway,  the  Canada  Atlantic  railway,  the  Hew 
York  and  Ottawa  railway,  the  Ottawa  and  PrcKott  railway,  the  Northern  and  Western 
railway,  the  Rideau  canal,  and  the  Gatinesa  and  Ottawa  riTera." 

The  company  expect  to  begin  manufacturing  operations  during  the  aammer  of  1906. 

The  Lakefield  Portland  Cement  Company 

President  J.  H.  Kilboiira. 

Vice-President  R.  P.  ButdiMt. 

SecreUry-Treaiurer F.  A.  Kilbourn,  Laketield,  Ont. 

Authorised  capital  51.000,000. 

Works  ».  I-akefield,  Ont. 

Brand Monarch." 


of  plant. 


Ibe  l.iiki'iioU  Portland  Cement  Company,  Limited,  began  manufacturing  on  th* 
2nd  day  m  Jauiuiry  ISVJ.  For  the  purpose  of  getting  access  to  some  eight  hundred 
acres  of  siilmiorgej  luarl  iu  the  township  of  Douro,  the  company  drained  Buckley's 
lake,  nhic'li  is  one  nnd  a  half  miles  from  the  village  of  Lakefieldjtha  site  of  the  work*. 
The  mnri  is  trunspcrted  this  distance  in  the  company's  own  steel  dump  cars,  hauled 
by  its  own  lo.mnotivcs  over  its  own  railroad.  Clay  is  obtained  from  Lily  lake  in  th* 
mwnsliip  .'I  Sni'th.  ou  tho  Midinnd  .iivi^on  of  the  Grand  Trunk  railway.  It  covers 
■  □  area  ot  twenty  acros  and  varies  in  depth  from  live  to  fifteen  feet. 

En-avatiiin  from  both  deposits  in  carried  on  by  means  of  immense  steam-operatsd 
hydraulic  elevatiTs.  «hii-h,  plyinK  on  a  track  ct  fourteen  feet  gauge,  are  self-propellinj 
and  lift,  carry  and  lay  their  own  track  in  ttiirty-feet  sections.  Bach  will  load,  under 
favorable  mnditions.  a  thirty-ton  flat  rar  in  ^.•ven  minutes.  The  ni»rl  averages  nia* 
foot  in  d..ptb,  but  r.-n.l..s  tw.-nty  f«>t  iu  places. 
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In  a  single  rotary  washmiU,  the  raw  materials  are  given  their  preliminary  mixing, 
lis  mill  conaists  of  a  cylindrical  basin  eighteen  feet  in  diameter,  provided  with  two 
■eding  chutes,  one  for  marl  and  one  for  clay  at  opposite  sides.  The  former  is  measured 
y  YOlume;  the  latter  by  weight.  The  basin  is  provided  with  a  vertical  centre  shaft 
hat  carries  horizontal  arms  to  which  heavy  ''drags"  are  attached.  The  shaft  is  made 
.o  revolve  and  the  mixing  of  the  two  materiab  is  thus  more  or  less  completely  accom- 
plished. To  secure  a  still  more  perfect  incorporation  of  the  two  ingredients^  the  mix 
Ls  passed  through  emery  grinding  stones  and  thence  to  tube  mills.  Unlike  many  others, 
Itese  mills  are  lined  with  wooden  blocks  sawn  to  the  proper  arc,  which  may  be  easily 
reiLoved  and  replaced  by  others  when  worn.  Bix  (^lindrioal  concrete  and  six  wooden 
storage  vats  receive  the  slurry  after  the  raw  grinding  is  completed,  the  method  being 
to  test  and  correct  the  mix  in  each  before  admitting  to  the  kiln  pumps.  It  is  r* 
arranged  that  any  one  tank  ar  any  number  of  tanks  may  be  receiving  slurry  at  any 
tune,  while  the  supply  for  the  rotary  kilns  is  drawn  only  from  those  in  which  the 
mixture  is  known  to  be  correct.  Sufficient  slurry  for  forty-eigEl  hours'  burning  may 
be  easUy  stored  here. 

As  in  another 'plant  previously  described,  a  trough  transverse  to  the  axes  of  the 
kilns  receives  the  slurry  from  the  storage  tanks.  The  method  of  agrEating  by  com- 
pressed air  is  employed  here,  as  it  is  in  the  storage  tanks^  and  is  reported  as  being 
eminently  efficient. 

Pumps  supply  the  rotaries,  of  which  there  are  six,  three  being  sixty  feet  and 
three  one  hundred  feet  long.  The  former  revolve  at  the  rate  of  sixty  revolutions  per 
minute,  and  the  latter  at  about  forty.  The  upper  ten  feet  of  the  length  of  each  kila 
has  large  channel  irons  rivetted  on  the  inside  of  the  kiln  longitudinally.  These  serve 
hy  tossing  the  semi-fluid  slurry,  the  better  to  expose  it  to  the  hot  gases,  and  aasifD 
in  the  expulsion  of  the  water.  The  shorter  kilns  are  said  to  give  the  better  satis- 
faetion.  The  usual  methods  of  controlling  speed,  feed  of  slurry  and  of  ground  coal 
to  the  kilns  are  employed  here. 

The  kilns  discharge  into  a  horizontal  conveyer,  and  the  clinker  is  ultimately 
elevated  and  admitted  to  rotary  cylindrical  coolers.  These  are  provided  also  with 
channel  irons  rivetted  to  the  inside  of  the  cylinder.  Cool  air  is  drawn  through  these 
coolers,  and  after  taking  up  the  heat  of  the  clinker,  is  delivered  by  blower  to  the 
ground  coal  kiln  feeders. 

The  grinding  of  the  clinker  is  accomplished  by  ball  and  tube  mills,  both  Krupp 
and  Bonnet  makes  being  employed. 

Slaked  coal  is  dried  in  a  revolving  drier,  and  then  pulverized  in  Raymond  vertical 
mills. 

Power  is  obtained  from  lock  No.  3  of  the  Peterborough-Lakefield  section  of  the 
Trent  canal,  three  miles  distant,  and  also  from  Young's  Point,  five  miles  from  the 
plant.  Generators  are  provided  at  each  place,  and  the  electrical  energy  wired  to  th3 
place  of  consumption.  These  powers  are  constructed  to  operate  jointly  or  Ringly  and 
either  is  capable  of  carrying  on  the  work  of  manufacture,  so  that  a  "shut-down"  of 
the  works  on  account  of  lack  of  power  is  never  feared. 

The  output  is  between  six  hundred  and  seven  hundred  barrels  per  day.  Export 
of  cement  and  importation  of  coal  for  fuel'  are  as  yet  almost  wholly  by  rail  but  th'e 
completion  of  the  Trent  canal  will  undoubtedly  mean  the  utilization  of  water  for  both 
purposes  to  a  very  great  extent. 

The  National  Portland  Cement  Company 

President W.   F.  Cowham. 

Vice-President    A.  P.   MacLaren,  M.  P. 

Superintendent  H.  H.  Farr,  Durham,  Ont. 

Authorized  capital  $1,000,000. 

Works  Durham,  Ont. 

Brand  "National." 
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The  National  Portland  Cement  Company  began  the  manufacture  of  coinent  Mtl; 
in  1903.  The  works  stand  at  the  bottom  of  a  rather  steep  declivity,  and  the  railwij 
supplying  the  raw  materials  is  continued  from  the  plat«au  on  a  level  steel  trestle  otw 
the  storage   rooms,   thus  facilitating  the   unloading  vpry   materially. 


National  rortlaiid  C<-nii>nt  Co.,  Durham.^  <ieiieral  view^of- works. 

Wilder's  lake,  live  and  a  half  miles  fiuni  Durham,  and  Tobermory  lake  in  the 
same  neighborhood,  are  the  sourcoa  of  the  marl.  The  former  bas  an  area  of  125 
acres,  and  the  deposit  varies  in  depth  from  two  to  fifty  feet.  The  latter  is  but  fiftj 
acres  in  extent.  The  overlyinK  water  is  of  a  depth  of  twelve  feet  in  places,  and  beneath 
this  is  an  average  of  twonty-fivc  feet  of  marl.  Clay  is  brought  from  Stratford,  s 
distnnec  of  sixty-nine  miles,  and  is  hauled  to  the  works  on  Bat  cars.  Of  this,  the 
coHipany   has  acquired  a  deposit   of   forty  aiTfs. 

The  marl  is  raised  by  flouting  dredge  with  an  orange-peel  dipper.  This  dredge 
is  efjitipped  with  a  stono  separator  and  a  pug-mill. 

Alter  jiassiiig  through  these  machines  the  niorl  is  conveyed  through  a  flexible 
tube  carried  on  a  series  of  pontoons  to  the  hopper-shajied  cars  on  shore.  The  "Harris" 
system  of  conveying  by  compressed  air  is  here  employed,  and  is  said  to  work  to  the 
iitmost  satisfaction. 

The  clay  is  led  into  a  plain  rolls  disintegrator,  and  after  passing  through  a 
cylindrical  rotary  drier  ■'ill  ft-ct  long  and  five  feet  in  diameter,  is  conveyed  to  a  Phillipii 
and  McLaren  dry  pan.  This  consists  of  a  pan  containing  a  pair  of  huge  upright  wheel- 
like "molars''  similar  in  con-;trnction  to  the  nt  one  tirao  familiar  "edgo-mnners." 
The  pan  has  a  movenhlo  meshed  bottom,  so  that  the  size  of  openings  can  he 
altered  from  three-eighths  to  five-eighths  of  an  inch.  The  pan  is  made  to  revolve 
v'hilc  the  axis  of  the  molars  retains  its  fixed  position.  The  clay  is  thus  pressc-l 
through  the  meshes  and  rcrluced  to  the  desired  si7.e.  It  is  then  fed  to  a  cenveyor  and 
passes  to  the  dry  clay  storago  room  100  hy  60  fct.  Here  the  chemist  takes  sftmplps 
for  snalysis  every  hour  of  the  twenty-four. 
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Sationnl.Portlanil  t'eiiH-nt  CVmipany.     Orange  ix-tl  dipper. 


itional  Portland  Ciiin'jii  Ci>iiii>any.    Thu  Ilurriii iincuiiutic  ByHtem  of  juiiiiping  marl. 
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Running  longitudinally  with  the  dry  clay  storage  room  and  beneath  ita  centre 
line  is  an  underground  arched  tunnel,  carrying  a  bucket  oonveyor.  The  roof  of  the 
arch  is  provided  with  hopper-like  openings,  which  may  be  opened  or  dosed  at  pleasure. 
The  dry  clay  may  thus  be  drawn  from  any  part  of  this  building  and  transferred  to 
the  wet  department.  It  has  been  the  practice  of  the  company  to  store  during  the 
open  season  a  quantity  of  clay  for  winter  consumption,  and  for  thia  purpose  a  large 
wet  storage  room  from  which  the  drying  plant  is  conveniently  supplied,  has  been 
erected.  The  dry  day  *s  delivered  to  the  mixing  pug  mill  by  measuring  hoppers,  each 
of  about  600  pounds  capacity. 

The  marl  is  brought  in  on  the  high  level  trestle  above  referred  to  and  dumped 
into  a  hopper  of  two  cars  capacity,  which  supplies  the  marl  pug  mill.  From  here  it 
is  conveyed  to  a  battery  of  nine  marl  storage  tanks,  at  the  bottom  of  eadi  of  whicD 
a  series  of  pipes  delivers  compressed  air  through  bent  nosales.  Thia  imparts  to  th^ 
fluid  a  swirling  boiling  motion  completely  preventing  settlement.  These  tanks  stand 
en  a  series  of  step-like  piers  that  gravity  may  assist  the  flow  of  marl  to  the  "mixing 
pug  mill,"  where  the  marl  and  clay  first  come  together.  The  tanks  are  further  supplied 
¥(ith  floats,  enabling  the  operator  in  accordance  with  iEe  chemist's  instructions,  to 
draw  any  depth  of  fluid  marl  to  mix  with  a  known  quantity  of  clay.  The  output  of 
the  mixing  pug  mill  is  automatically  transferred  by  the  Harris  compressed  air  devices 
to  the  tube  mills,  of  which  there  are  four.  It  is  then  transferred  by  the  same  method 
to  eight  steel  slurry  tanks.  From  an  open  ' 'header,"  supplied  by  compressed  air  from 
these  tanks,  the  kilns  are  fed.  A  revolving  disc  carrying  a  number  of  buckets  which 
alternately  fill  from  the  header  and  discharge  into  the  tube  supplying  the  kilo, 
accomplishes  this  step.     The  speed  of  the  disc  varies  with  that  of  the  kiln. 

There  are  eight  rotary  kilns  70  by  6  feet,  which  are  capable  of  being  run  at  different 
speeds.  The  clinker  drops  into  pits  built  beneath  the  kilns.  Here  it  gives  up  a  por- 
tion of  its  heat  to  air,  which  is  in  turn  mown  with  the  ground  coal  into  the  rotaries. 
The  clinker  then  passes  by  chute  into  the  water-tight  buckets  of  a  McCausland  con- 
veyor, which  is  at  this  point  moving  horizontally  in  a  bath  of  water  rising  nearly  but 
Tiot  quite  to  the  edge  of  the  pans.  This  conveyor  completely  surrounds  the  clinker 
storage  room,  passing  through  a  tunnel  underneath,  up  a  vertical  shaft  at  one  end, 
along  the  roof  and  down  again  at  the  other  end.  A  movable  tripping  device  at  the 
roof  is  so  arranged  that  clinker  may  be  emptied  at  any  point  desired.  Further,  them 
are  hopper-shaped  openings  in  the  roof  of  the  tunnel,  so  that  clinker  may  be  drawn 
from  any  part  of  the  building.  In  this  way,  when  the  conveyor  is  not  bringing 
fresh  clinker  to  the  room,  it  is  feeding  cold  clinker  into  the  hoppers  supplying  the 
ball  and  tube  mills.  The  necessary  quantity  of  gypsum  is  added  after  the  material 
comes  from  the  ball  mills,  and  before  it  goes  to  the  tube  mills. 

A  belt  conveyor  carries  the  cement  to  the  store  room,  and  a  tripping  device 
similar  in  its  purpose  to  the  one  previously  described,  is  employed  to  fill  any  one  of 
the  eighteen  bins  in  which  the  cement  is  stored. 

Packing  is  done  by  three  automatic  machines  of  five  hundred  barrels  each  per  day. 
Bags  are  employed  almost  exclusively,  eighty-seven  and  a  half  pounds  constituting 
a  bag,  and  four  bags  being  the  equivalent  of  a  barrel  of  three  hundred  and  fifty 
pounds.  The  capacity  of  the  plant  is  one  thousand  barrels  per  day.  Ontario  and  he 
Canadian  west   absorb  the  output. 

Coal  for  fuel  for  the  rotary  kilns  is  dried  in  rotary  driers  and  reduced  to  a  flonr 
in  improved  Griffin  mills.  The  power  house  is  equipped  with  suitable  engines  an-l 
generators,  driving  by  individual  motors  being  the  method  generally  adopted  through- 
out the  plant. 

A  most  complete  laboratory  equipped  with  all  the  requisite  appliances  for  makins 
BPalyses  and  tests  is  maintained,  and  is  in  charge  of  Mr.  S.  H.  Ludlow,  a  spedalist 
in  the  chemistry  of  cements. 

This  plant,  which  undoubt^ly  is  representative  of  the  best  modem  practice  was 
designed  by  W.  B.  Bogaidus  of  Cornell,  N.  Y. 
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The  Ontario  Portland  Cement  Company 

President  E.  L.  Goold. 

Vice-President   W.  S.  Wisner. 

Secretary-Treasurer  li.  D.  Taylor,  Brantford,  Out. 

Authorized  capital  |450,000. 

Works Blue  Lake,  Ont. 

Brand  **Giant." 

Blue  lake  is  about  three  miles  from  the  town  of  Paris,  and  is  reached  therefrom 
by  electric  railway.  The  plant  stands  on  the  shore  of  the  lake,  and  at  present  the 
marl  is  being  obtained  not  600  feet  from  the  works,  to  which  it  is  brought  in  dump 
cars  by  locomotive.  There  are  in  this  one  deposit  100  acres  running  all  the  way  from 
thirty-five  to  fifty  feet  in  depth.  A  dredge  will  shortly  be  installed  to  supplant  the 
present  method  of  raising  by  manual  labor.  Fifty  acres  of  clay  of  a  depth  of  ten 
to  twenty  feet  are  available  in  one  deposit  beyond  the  lake.  It  is  brought  in  by  cars 
as  is  the  marl. 

In  the  process  of  mixing,  the  wash  mill  is  employed.  As  is  usual  in  such  cases, 
the  marl  is  measured  and  the  clay  weighed.  The  mix  passes  from  the  mill  through  a 
grating  to  a  large  rotary  double  agitator.  A  well  adjoining  receives  the  slurry  from 
which  by  a  large  duplex  pump  it  is  conveyed  to  a  hopper,  above  the  tube  mill. 

After  the  process  of  grinding  it  is  collected  in  two  large  concrete  storage  tanks 
leinforced  by  expanded  metal.  Compressed  air  is  employed  in  these  tanks  to  keep 
the  slurry  in  a  state  of  constant  ebullition.  Before  being  admitted  into  the  suppij 
trough,  the  contents  of  each  kiln  are  checked  by  titration  and  corrected  by  the 
addition  of  whatever  constituent  is  lacking.  Three  rotary  kilns  70  by  6  feet 
are  at  present  in  use,  but  the  management  contemplate  considerable  additions  to  thd 
plant.  The  velocity  of  the  rotaries  is  controlled  by  a  speeder,  which  is  operated  bj 
the  man  in  charge  of  the  kilns.  If  the  clinker  should  be  discharged  from  the  k^lni 
irsufficiently  burned,  the  feed  of  slurry  or  the  speed  of  the  rotary  can  be  reduced. 

From  the  kilns  the  clinker  is  wheeled  to  the  clinker  room  to  cool.  No  special 
device  to  accomplish  this  is  employed.  The  grinding  is  done  in  Krupp  ball  and  tube 
mills,  after  which  the  cement  passes  to  the  stock  house  which  is  provided  with  eight 
bins  of  three  thousand  barrels  capacity  each.  These  are  built  on  the  "cribhing"  plaa, 
commonly  exemplified  in  the  construction  of  grain  elevators.  Power  is  conveyed  to 
the  coal-qji  inding  plant  from  the  power  house  by  rope  dnvi: 

Coal  for  fuel  is  stored  in  bins  under  cover  until  required.  Prior  to  grinding  in 
the  tube  mill,  it  passes  through  a  rotary  Cummer  drier. 

The  company  has  two  shipping  connections  in  the  Grand  Valley  Electric  railroad 
and  the  Grand  Trunk  railway,  each  of  which  has  a  spur  running  to  the  works.  The 
former  of  these  is  owned  by  the  company.  The  present  output  is  450  barrels  per  day, 
but  will  be  increased  this  coming  summer  to  750  by  corresponding  additiona  to  the 
plant.  "Giant"  cement  seems  to  be  well  received,  and  the  directorate  report  the 
demand  for  their  product  to   be  very  good. 

The  buildinp;s  are  of  brick,  steel  and  Redcliffe  corrugated  iron,  and  are  as  nearly 
6reproof  as  possible.  The  company  has  its  own  fire  appliances.  Boarding  houBM, 
workmen's  cottages  and  laboratory  have  also  been  erected  by  the  company.  The 
post  office  of  Blue  lake  is  for  the  present  in  the  company's  office. 

The  Owen  Sound  Portland   Cement  Company 

President   .].   E.   Murphy. 

Vice-President    W.   H.   Pearson. 

Secretary-Treasurer  O.  S.  Kilbourn. 

Works   Shallow  Lake. 

Brand   " 'Samson.** 
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Aws7  bftck  in  1889,  The  North  AmericBu  Chemical,  MiniitK  knd  Ifmnufsctorins 
Company  was  organised  at  Owen  Sound  for  the  purpoM  of  mannfacturing  Portlan.l 
cement.  Ita  capital  was  $100,000.  A  large  building  of  masonrj  walls  was  constrnctod 
al  Shallow  lake  in  that  year,  and  a  plant  subsequently  installed.  A  Ransome  cylinder 
was  used  in  which  to  burn  the  CMnent,  but  proved  unsatisfactory,  and  was  abandoned, 
Ihis  industry  was  the  forerunner  of  the  Owen  Sound  Portland  Cement  Compan/. 
which   to-day   carries  on   a  very   extensive  manufcaturing  business. 

Shallow  lake  orcupicG  lota  6,  7,  8  and  part  of  9  in  the  seventh  concession  of  the 
township  of  Keppel.  The  area  is  nearly  600  acres,  including  several  smaU  islands, 
and  about  500  seres  are  under  water  for  half  of  the  year.  "Two  streams  flow  into  the 
lake  and  in  the  dry  season  they  unite  near  the  works  on  the  northern  side,  the  channel 
continuing  about  800  yards  farther  in  a  northwesterly  direction  towards  the  ma^in 
of  the  lake,  where  the  waters  disappear  with  a  loud  rumbling  noise  through  a  aeriei 
ot  sinkholes  in  the  bottom."  The  botttxn  of  the  lake  is  covered  with  marl  to  a  depth 
of  four  feet,  nnderneath  which  lies  clay  running  ia  ten  feet  in  places. 


dreilge. 


trai'k  has  Ivoii  ii-n-lniut^d  from  the  works  out  into  the  lake,  and  a  locomotive  and 
train  of  i-aru  aio  t'lnplnyt-d  to  brine  t'lc  day  and  marl  from  the  steam  dredge  to  the 
plant.  A  nniiv.iii  wii*  liit.'ly  eincred  into  with  the  James  Cooper  Company  to  erect 
tall  towcv.^i  luiil  e.|iiip  a  systom  of  cable  transport ntion  for  the  raw  materials.  Dot 
the  ni>or  methixl  has  not  yet  Kvn   put   into  working  shape. 

The  ingredients  are  miied  in  a  rotary  washmill,  the  clay  having  been  first  pat 
throuch  a  disintegrator.  A  Ferris  wheel  is  used  to  elevate  the  slurry  te  a  pair  « 
Sturtevant  emery  stones.  Nine  large  storace  tanks  have  been  constructed,  into  wUeh 
the  m-iterial  is  nest  pumped  and  in  which  it  is  agitated  by  comprcaaed  air. 
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Tlue  burning  is  done  in  nine  Batchelor  kilns,  each  having  two  drying  arches,  and 
in  two  rotary  kilns  each  100  feet  long.  These  rotaries  were  originally  65  feet  long, 
and  the  additional  35  feet  were  added  to  act  as  a  drier  for  the  slurry.  They  have 
a  capacity  of  120  barreb  each  per  day.  The  Batchelor  kilns  are  intermittent,  it 
being  the  usual  custom  to  get  14  kilns  of  clinker  from  the  9  furnaces  each  week.  They 
are  charged  with  alternate  layers  of  dried  slurry  and  coke,  there  being  a  10-inch 
layer  of  the  former  to  a  d-inch  layer  of  the  latter. 

The  clinker  from  the  Batchelor  kilns  is  first  crushed  before  going  to  the  ball  and 
tube  mills;  that  from  the  rotaries  is  first  passed  through  a  rotary  cooler.  The  final 
grinding  plant  consists  of  two  Krupp  ball  mills  and  three  tube  mills.  The  output 
cf  the  plant  is  700  barrels  per  day. 

Ground  coal  is  used  for  fuel,  this  being  dried  and  ground  in  a  Raymond  grindf^r 
and  in  emery  stones. 

The  power  plant  comprises  an  Inglis  Brown  500-h.  p.  engine,  a  Corliss  compound 
350-h.  p.  engine,  an  air  compressor  made  by  the  Rand  Drill  Company  of  Sherbrooke, 
Que.,  and  a  battery  of  five  boilers.  The  company  has  its  own  fire  protection  plant,  its 
own  blacksmith  and  repair  shop,  and  an  extremely  tidy  office  and  laboratory  made  of 
cement  blocks — a  striking  exemplification  of  the  use  of  the  article  wh'ch  the  company 
manufactures.  The  management  propose  doubling  the  capacity  of  the  works  this 
present  year.       "Samson''  cement  is  favorably  kuown  from  coast  to  coast. 

The  Raven  Lake  Portland  Cement  Company 

President  G'deon  Shortreed. 

Vice-President  Thos.  t'.  White. 

Secretary-Treasurer  Thos.  McLaughlin. 

Authorized  capital   .^500,000. 

Works  Raven  Lake,  Out. 

Brand  'Raven." 

The  Raven  Lake  Portland  Cement  Company  gets  its  name  from  the  shallow  laks 
from  which  its  supply  of  marl  is  obtained,  and  on  the  shore  of  which  its  mills  have 
been  erected.  Raven  lake  is  situated  on  the  Lindsay-Coboconk  branch  of  the  Grand 
Trunk  railway,  about  two  miles  from  Victoria  Road  station,  and  eighty-three  from 
the  city  of  Toronto. 

From  Elliot's  falls  on  the  Gull  river,  fifteen  miles  distant^  the  power  necessary 
to  operate  the  plant  is  electrically  transmitted.  A  government  dam  has  been  oon- 
•tructed  there  which  gives  an  available  head  of  twenty-two  or  twenty-three  feet,  and 
^  t  aeries  of  small  lakes  farther  up  stream  ample  pondage  facilities  are  provided. 

The  marl,   which  extends  to  a  depth  of  twenty  feet,   is  elevated  from  the  lake 

bottom  by  means   of    a    floating   dredge    and  orange-peel    dipper.         This     dredge    is 

^uippod  with  an  air-compressor.     As  in  the  Durham  plant  previously  described,  the 

°^  goes  through  a  stone  separator  prior  to  being  admitted  to  the  Harris  pneumatic 

pumping  apparatus,  which   by  compressed  air  conveys   the   marl   to   shore  through   a 

flt'xible  pipe  eight  inches  in  diameter.       This   flexible  pipe  line  connects  the  dredge 

&nd  the  raw  material  department  in  the  mill,  and  is  supported  on  a  series  of  floating 

pontoons,  each  consisting  of  four  coal  oil  barrels  secured  together  by  a  suitable  framf). 

ITie  marl  if  not  sufficiently  fluid  may  be  brought  to  the  correct  condition  for  piping 

^7  the  addition  of  water.     The  pipe  discharges  into  a  huge  marl  storage  tank.     From 

this,  the  marl  is  admitted  at  pleasure  to  the  mixer  where  it  unites   with  the  clay. 

The  clay  is  at  present  obtained   near  Beaverton,  and  is  brought  thither  on   flat  cars 

t  distance  of  fifteen  miles.       It  is  first  dried  in  a  rotary  drier,  then  ground  in  rotary 

MDery  stones,  and  finally  elevated  to  weighing  hoppers  which  empty,  as  does  the  marl, 

into  the  mixing  washmill. 
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Four  slurry  storage  tanks  are  provided  to  which  the  mix  is  conveyed,  and  in 
which  the  contents  are  agitated  by  compressed  air.  The  slurry  grinding  is  accom- 
pliihed  in  a  battery  of  four  Sturtevant  individually  electrically  driven  emery  wheels. 

The  rotary  kilns,  of  which  there  are  four,  may  be  considered  as  being  divided  each 
into  two  parts — a  rotary  drier  and  a  kiln  proper.  These  two  parts  are  not  continuous 
in  alignment,  but  the  former  lies  above  the  latter,  their  axes  being  in  the  same 
vertical  plane.  The  slurry  is  admitted  to  the  high  end  of  the  drier  and  is  discharged 
&om  its  lower  end.  Then  it  passes  through  grinding  rolls,  and  is  conveyed  into  the 
upper  end  of  the  kiln  proper,  in  which  the  clinkering  process  takes  place.  The  driers 
are  forty-eight  feet  long  and  five  feet*  in  diameter,  the  kiln  proper  being  60  by  6  feet. 
An  air  cnrrent  through  the  drier  is  secured  by  a  rotary  fan.  The  hot  air  from  the 
kiln  is  made  to  pass  through  the  drier  and  thus  what  would  otherwise  be  waste  heat 
IS  utilised. 

The  clinker  is  first  cooled  in  a  Wentz  patent  upright  cylindrical  cooler,  then 
muhed  in  a  Kent  rolls  mill  and  receives  its  final  grinding  in  tube  mills.  The  hot 
air  from  the  cooler  passes  up  the  same  chute  as  the  one  down  which  the  clinker  falls 
and  goes  into  the  kiln,  thus  efFecting  an  economy  in  fuel. 

Qround  coal  is  used  for  fuel,  the  processes  in  its  preparation  being  crushing,  dry- 
ing  and  grinding,  first  in  rolls  and  then  in  tube  mills. 

The  buildings  are  of  limestone  walls,  with  roofs  of  corrugated  steel,  supported  en 
steel  frames.     The  capacity  of  the  plant  will  be  four  hundred  barrels  per  day. 

The  Sun  Portland  Cement  Company 

President  W.  P.  Telford,  M.  P. 

Secretary-Treasurer  John  Armstrong,  Owen  Sound . 

Authorized  capital   ..$600,000. 

Works  Owen  Sound,  Ont. 

Brand   «'Sun.*' 

By  means  of  two  towers  with  cable  connection,  and  a  clam-shell  dipper,  the  marl 
lequired  in  the  process  of  manufacture  of  "Sun"  cement  is  unloaded  from  cars  and 
transferred  either  to  the  marl  heap  or  to  a  hopper  which  supplies  through  a  chain 
conveyor,  the  marl  washmill.  The  clay  is  brought  in  by  teams,  passes  first  through 
a  plain  rolls  disintegrator,  and  thence  by  conveyor  to  the  clay  washmill.  The^e 
two  mills  are  adjacent  and  each  supplies  by  a  chute  its  contents  to  a  large  doubie 
agitator.  This  in  plan  suggests  a  huge  8.  About  the  centre  of  each  segment,  a  set 
of  "drags"  is  made  to  revolve  on  a  vertical  shaft.  The  mixture  is  next  ground  in 
emery  stones  and  then  pumped  into  four  storage  tanks  where  the  examination  and 
correction  of  the  slurry  takes  place.  Each  tank  will  contain  seven  hours*  run,  and 
any  one  can  be  drawn  on  as  desired.  A  floor  pit  connected  with  each  tank  next 
receives  the  slurry,  and  from  this  pit  it  is  pumped  to  the  kilns,  of  which  there  are 
four,  two  being  sixty  and  two  sixty-five  feet  long.  The  clinker  drops  into  pits  beneath 
the  floor,  is  elevated  to  a  Mosser  cooler  and  passes  by  conveyor  to  the  grinding  roon>. 
This  room  is  supplied  with  one  Krupp  ball  mill  and  two  Gates*  tube  mills.  A  screw 
conveyor  and  elevator  belt  transfer  the  finished  cement  to  the  stock  room,  where 
packing  is  done.     The  coal  grinding  plant  consists  of  a  rotary  drier  and  a  tube  mill. 

A  650-h.  p.  Goldie  and  McCulloch  Wheclock  tandem  condensing  engine,  and  9 
100-h.  p.  "Ideal**  furnish  the  necessary  power  for  operations  of  plant  and  liftinji 
respectively. 

The  marl  is  obtained  at  lake  McNab  in  the  township  of  Keppel,  on  the  Harriston 
and  Owen  Sound  branch  of  the  Grand  Trunk  railway,  some  twelve  miles  from  the 
works.  A  private  spur  was  constructed  to  the  lake  from  a  point  two  miles  distant. 
This  marl  area  comprises  460  acres  running  from  fourteen  to  twenty-five  feet  'u 
depth.     A  steam  shovel  is  employed  to  raise  the  marl. 
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Cl&j  is  obtained  from  the  village  of  Brookholm  in  the  township  of  Sarawak,  at  » 
distance  of  only  one  mile  from  the  plant.  The  capacity  of  the  wortn  is  350  barreU  holm 
per  day.       "Sun"    cement    is    marketed    largely  in    Weetem    Ontario  and    Western 

shipping  facilities  for  the  export  of  tho  finished  product  and  the  importation  oi 
coal  by  water  are  particularly  good.  The  company  has  its  own  docks  and  coil 
derricks  adjacent  to  the  mill.    Coal  is  imported  by  water  direct  from  Clerflland. 

"Sun"  comeiit  was  first  made  in  1902.  Then  the  dry  proceas  was  used,  but  this 
iroTing  unsatisfactory,  owing  to  the  tendency  of  the  clay  to  "ball"  in  masses,  the 
wet  process  was  introduced.     Manufacturing  by  this  method  wa«  begun  in  July,  1901. 


The  s^viii  IVriliUii!  IViiit'ni  Co.     A  comer  in  ilie  aeeayinglaborator}-. 
The  Superior  Portland  Cement  Company 

President   U.  E.  McKeniie,  M.  D. 

^  iie-rrtsidcnts Thoa.  McCarty  and  W.  Howard  Jackson. 

Secret  a  ry-Tiea>urer (;co.   Mclntyre,  Orangavillo. 

Authorized  capital   ^jOO.OOO. 

Works    Orangeville,  Ont. 

Brand    '  Superior." 

Threo  hiindrid  atul  sixty  airos  of  marl  in  the  township  of  CaledOD,  Pool  county, 
from  twelve  to  thirty  fi^et  in  depth  and  one  hundred  acres  ot  cU.5  in  the  town- 
■bip  oi  G.iraira\:i.  of  an  average  depth  01  ci]jht  feet,  will  give  s^noS  idea  o*  the  erteat 
rf  mat^'tinl  available   lor  lonieut   purposes  by  this  company. 

The  mill  jtauds  Lut  a  stones  throw  fro:n  the  Canadian  P^ci6=  railway  station  rt 
Urangeville.  It  is  intended  to  lilt  tho  materials  by  steam  ^-^lOTel,  and  bring  them 
to  the  works  by  railway.  The  clay  will  come  nine  miles  by  th.^  C.  ^-  ^^  "**  **"  "*"' 
rr.  the  company's  own  railroad,  a  distance  of  two  and  fiv^s^gighths  miles.  A  layir 
cf  two  feet  of  peat  overlies  the  marl  deposit. 
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Prior  to  pmssing  into  large  concrete  octagonal  wasli  mills,  the  clay  will  b«  put 
throngh  a  ditint«Brator.  It  and  the  marl  will  then  be  sent  donn  chutes  to  the  two 
wash  milU  as  stated,  which  will  be  provided  with  gratings  at  one  side.  Through  these 
gratings  the  mixture  will  gradually  wash  and  be  conducted  to  an  elevator  sump,  thence 
to  emery  mills  and  a  tube  mill,  which  will  complete  the  raw  grinding.  Three  lar^a 
wooden  storage  tanks  will  be  provided  in  which  the  correction  of  the  mixture  will 
be  made.    These  tanks  will  be  agitated  by  compressed  air. 

Fonndations  for  three  rotary  kilns  eighty  feet  long  and  seven  feet  in  diametcT 
are  already  laid,  and  ultimately  the  company  will  install  three  additional  kilns. 
Clinker  pits,  one  for  every  two  rotariea,  will  be  provided  at  the  discharge  ends  of  the 


.'^iipiTior  Portland  Ci-iuent  Oiitqiuny,  Orangi! villi'.     Main  biiihljiig. 

kilns.  Elevators  will  convey  from  these  pits  to  tbo  rotary  coolers.  Two  ball  mills 
and  two  tube  mills  will  easily  handle  the  immediate  output  of  the  kilns,  but  another 
tiall  mill  and  an  extra  tube  mill  will  have  to  be  added  when  the  complete  battery  of 
six  kilns  is  in  operation.  Griffin  mills  will  probably  be  employed  to  grind  the  coal. 
The  mixing,  burning  and  grinding  building  is  two  hundred  and  ninety-seven  by 
eighty  feet.  The  coal  house  is  one  hundred  and  six  by  forty-three  feet,  and  the  stock 
bonse  one  hundred  by  seventy-five.  In  addition,  there  is  a  power  bouse  which  will  b<> 
nipplied  with  engines  capable  of  generating  one  thousand  horse  power.  Electrical 
[ienerstor  and  motors  for  individual  driving  will  be  features  of  the  equipment.  Thn 
tracks  at  the  works  will  be  elevated  twelve  feet  on  a  trestle,  so  that  the  materials  and 
coal  can  be  dumped  from  the  cars  directly  into  the  works.  The  capacity  of  thj 
completed  plant  will  be  six  hundred  barrels  of  cement  per  day.  The  cMnpany  expe  -t 
to  have  their  brand  on  the  market  during  the  coming  s 

11  If. 
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There  is  a  possibility  that  in  the  early  fature  the  Cataract  nater  power  on  tba 
Credit  river  may  be  employed  to  generate  energy  which  can  he  transmitted  by  wire 
to  the  works  at  Orangeville.  It  b  said  that  the  falls  in  the  river  gorge  at  the 
place  referred  to  afford  a  head  of  nearly  two  hundred  feet. 

The  Western  Ontario  Portland  Cement  Company 

President  -A.  S.  Langriil,  M.  D. 

Secretary-Treasurer J.   A.  Mitchell,  Atwood,  Ont. 

Manager    M.  M.  Hiles. 

Authorized  capital   $500,000. 

Works   Atwood,  Ont. 

This  company  was  incorporated  under  Provincial  charter  in  the  sommer  of  1903 
and  proposes  to  manufacture  Portland  cement  from  clay  and  marl,  both  of  which  are 
fcnnd  convenient  to  the  village  of  Atwood,  in  deposits  of  considerable  extent.  The 
n  ari  will  be  obtained  five  miles  south  of  the  village,  the  site  of  the'  plant,  in  the 
u  wnship  of  Elma,  from  an  ancient  lake  bottom  now  a  marsh.  The  area  is  250  acres. 
There  is  an  overlying  layer  of  peat  from  two  to  five  feet  in  thickness,  which  the  com- 
pany hopes  ultimately  to  utilize  as  a  source  of  fuel.  The  installation  of  suitable 
drying  and  compacting  machinery  is  a  part  of  the  general  scheme,  and  in  view  of 
recent  improvements  in  peat  fuel  manufacture,  the  possibility  of  success  will  be 
granted.  The  marl  underneath  this  peat  growth  is  from  eighteen  inches  to  twelve 
feet  in  thickness,  and  analyses  show  tiiis  to  be  of  very  good  quality.  Beneath  the 
marl  in  turn  is  found  the  clay  running  to  a  depth  of  tEir^  feet. 

A  second  area  of  equal  extent  is  also  held  by  the  company.  This  deposit  1*(V 
five  miles  west  of  the  site  of  the  works  in  the  townships  of  Grey  and  Elma.  This, 
however,  will  probably  not  be  worked  for  some  time,  as  the  first  mentioned  beds  wi'l 
supply  enough  raw  materials  for  many  years  at  the  estimated  output. 

The  process  will  be  the  wet  slurry  method,  and  for  this  suitable  mill  buildings 
•  re  being  erected  and  plant  installed.  Six  rotaries  are  to  be  employed  with  an 
(-St  im  a  ted  capacity  of  six  hundred  barrels   of  cement   per  day. 

The  clay  and  marl  are  to  be  raised  by  steam  shovel,  and  will  be  transported  t> 
the  workf  over  a  standard  gauge  track  for  which  the  steel  was  supplied  by  the  Grand 
Trunk  Railway  Company.  The  company  will  have  the  option  of  buying  this  road 
outright  at  the  end  of  ten  years.  It  is  expected  that  the  town  of  Atwood  will  assist 
the  enterprise  by  granting  a  free  mill  site  and  exemption  from  taxes  for  a  period  of 
CO  years.  The  company  expect  to  have  their  product  on  the  market  in  October  of  this 
year. 

N.\TLR.\L  CE.MENT 

Natural  cement,  as  stated  elsewhere,  is  produced  by  burning  an  impurd 
limestone.  In  Ontario,  it  is  found  in  certain  parts  of  the  Trenton  and  Niagara 
formations. 

An  a:.,i*.ys:s  rovoa's  the  prosonce  of  lime,  magnesia  and  clay  in  more  or  lest 
cednito  proportions.  In  nearly  all  natural  cement  quarries,  the  stone  api>ears  ia 
strata,  An.vysos  aln.ost  invariably  show  that  the  composition  of  the  rock  varies  with 
the  depth,  tho  tondonoy  bt^n^  for  tho  oaloi  im  carbonate  to  be  in  maximum  proportion 
at  tho  upv^^'  str.Hti;n„  and  tho  o:ay  ingredients  a  maximum  at  the  lower.  Let  a» 
•upposo  a  .aso  whoro  thoro  is  an  oxivss  oi  tho  Iin:e  constituent  in  the  upper  layers 
and  an  ox.n-ss  of  o'.ay  in  tho  lo-vor.  tho  moan  of  K^th  giving  about  the  correct  propor- 
tion for  a  gvvd  .vmont.  Now  if  nxk  bo  takon  indiscriminately  from  the  quarry,  burnt 
and  grvMwui,  it  wiU  bo  s^vn  that  an  ana:y>?is  wouUi  no  doubt  indicate  that  tlJB  two 
iagniHlionts  woro  prtvont  in  aUnit  tho  c^^rwt  prv^portions.  whUe  it  wonld  be  equally 
true  that  eviaoniN>a   of    both    over^^laying  and   over-liming    might   be   detected  in  the 
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finished  product.  The  thorough  mixing  would  be  accomplished  in  the  grinding,  yet 
it  would  be  impossible  that  th^e  clay  and  lime  of  adjacent  fragments  in  the  kiln  couH 
unite  chemically  in  a  way  essential  to  a  good  cement.  The  difficulty  in  securing  a 
constant  and  intimate  mixture  is  one  respect  in  which  the  natural  cement  is  less  likely 
to  develop  the  strength  for  which  good  Portland  has  acquired  a  reputation. 

Both  natural  and  Portland  cements  have  their  uses,  and  th^  answer  as  to  which 
i«  desirable  in  any  instance  will  depend  on  the  strength  required,  on  the  allowable 
time  for  setting,  on  whether  or  not  the  cement  is  to  be  laid  under  water,  and  on  the  cost. 
If  no  great  strength  is  required,  and  a  rapid  setting  mortar  is  desirable,  natural 
cemeni^  can  be  employed  at  a  less  cost  than  Portland.  The  time  of  setting,  however, 
is  exceedingly  variable  in  both  natural  and  Portland  cements.  Th^e  former  usually 
begins  to  set  in  five  to  forty  minutes,  and  attains  its  permanent  set  in  twenty  minutes 
to  two  and  a  half  hours.  Portland,  on  the  otLer  hand,  begins  to  set  in  thre«^ 
fourths  of  an  hour  to  three  hours,  and  attains  its  final  set  in  two  and  a  half  to  eight 
hoars. 

The  question  of  relative  cost  is  worthy  of  a  little  consideration,  and  the  following 
is  given  for  the  purpose  of  comparing  in  a  typical  case,  the  cost  of  two  mortars  in- 
tended to  give  the  same  strength. 

Suppose  a  cement  mortar  for  foundations,  piers  or  walls  is  required  which  will 
develop  say  200  pounds  per  square  inch  ultimate  tensile  strength  in  three  monthi. 
Host  Portland  cement  mortars  mixed  in  the  proportion  of  one  of  cement  to  five  of 
Mnd  by  volume,  will  attain  this  strength  in  the  time  stated,  while  a  natural  cement 
mortar  for  the  same  specification  would  require  to  be  mixed  in  about  the  ratio  of  oae 
of  cement  to  two  of  sand.  Let  us  assume  the  price  of  sand  to  be  about  $1,25  per  cubic 
>ard,  that  of  natural  cement  to  be  $0.90  per  barrel,  and  that  of  Portland  to  be  $2.50 
per  barrel.  In  explanation,  it  should  be  said  that  the  voids  in  the  sand  and  its 
slirinkage  on  the  addition  of  water  will  render  the  volume  of  the  resulting  mortar 
rery  little  in  excess  of  that  of  the  sand  as  first  measured.     In  both  cases  followiojf^ 

the  mass  of  mortar  would  in  an  average  case  be  about  one  cubic  yard. 

I 

Portland  Cement  Mortar  !  Natural  Cement  Mortar 

1:5  1:2 


.9  cubic  yards  sand (d^  $1.25  =-  $1.12 

1 .2  bbls,  cement (^    2.50—    3.00 


Co«t  per  cubic  yard $1.12 


.8  cubic  yards  .sand. &  $1 .25  —  $1.00 

2.5  bbls.  cement ^        90—    2.25 


Cost  per  cubic  yard $3  25 


It  is  thus  seen  that  the  natural  cement  mortar  is  87  cents  cheaper  per  cubic  yard 
than  a  Portland  cement  mortar  of  anticipated  equivalbnt  strength.  This  conclusion 
of  course  obtains  only  under  thje  conditions  assumed.  The  relative  cost  would  be 
influenced  by  a  variation  in  the  cost  of  the  two  cements  and  of  the  sand,  by  the 
quantity  of  water  used,  and  by  the  voids  in  the  sand.  Our  Ontario  natural  cemenxs 
are  slow-setting,  and  of  course  none  of  them  develop  the  early  tensile  strength  either 
neat  or  in  mortar  of  the  Portlands. 

The  producers  of  natural  cement  in  Ontario  are  Isaac  Usher  &  Sons,  Queenston, 
the  Estate  of  John  Battle,  Thorold;  F.  Schwendiman,  Hamilton;  and  the  Toronto 
Lime  Company,  Limehouse. 

Queenston  Cement  Works 

The  Queenston  Cement  Works  are  situated  in  the  township  of  Niagara  on  the 
Queenston  and  Grimsby  stone  road.  They  are  but  two  miles  from  the  historic  village 
of  Queenston,  made  famous  nearly  a  century  ago  through  the  heroic  exploits  of  Sir 
Isaac  Brock,  Laura  Secord  and  others  in  th^  defense  of  Canada. 

The  plant  stands  on  a  sheer  precipice  one  hundred  and  eighty-five  feet  in  height. 
The  well-known  ''Queenston  blue"  Niagara  limestone  used  extensively  for  buildi^ig 
purposes  is  here  22  feet  deep.     Beneath  it  is  foun'd  the  cement  rock  6  or  7  feet  in 
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tbickneBs,  and  beneath  this  in  turn  is  a  gray  sandstone.    Mr.  Usher  is  the  lessee  of 
a  property  somewhat  exceeding  450  acres,  only  15  of  which  have  been  mined. 

Drifting  was  begun  from  the  base  of  the  old  limestone  quarry,  from  which  a  groat 
deal  of  the  material  for  the  masonry  in  the  first  Welland  canal  was  obtained.  Tho 
cement  rock  is  quarried  with  the  assistance  of  steam  and  air  rock-drills  and  explosives. 
A  track  has  been  laid  and  by  means  of  cars  the  stone  is  hauled  to  t£e  feeding  hoppers 
of  the  kilns,  which  are  on  a  slightly  lower  level  than  the  bottom  of  the  cement  rock 
stratum.  Pillars  of  rock  are  left  at  intervals  of  about  30  feet  to  support  the  limestoue 
overhead.  Mo  timbering  has  been  found  necessary,  and  in  twenty  yjears,  no  accident 
to  any  workman  has  occurred.    The  mine  has  perfect  ventilation. 

There  are  eight  upright  masonry  continuous  draw-kilns,  each  thirty-two  feet  i*i 
height  and  eight  feet  in  diameter.  They  are  fed  from  above  with  alternate  layers  of 
stone  and  coal,  and  at  any  time  there  are  about  twelve  feet  of  fire  in  a  kiln.  The 
lower  portion  is  styled  the  cooler  and  the  upper  the  forewarmer.  A  cord  of  cement 
stone  makes  twenty-two  barreb  of  cement. 

The  coal  is  delivered  from  a  switch  on  the  Grand  Trunk  railway,  and  is  dumped 
en  the  same  level  as  the  firing  hopper  of  the  kilns.  A  kiln  is  drawn  four  times  in 
twenty-four  hours.  Experienced  men  sort  the  burnt  stone,  and  any  parts  not 
sufficiently  burned  are  returned  to  the  kilns.  The  properly  calcined  stone  passes  dowu 
8  chute  to  the  * 'cracker''  and  from  thereto  a  steel-plate  grinder,  in  which  it  is  reduced 
to  the  size  of  wheat.  Buhr  stones  or  Sophia  mill  stones  complete  the  grinding.  A 
gravity  screen  here  rejects  any  portions  incompletely  ground  and  returns  them  to  the 
stones,  but  whatever  is  sufficiently  reduced  goes  down  another  level  to  the  store  room. 
It  is  thus  seen  that  gravity  assists  very  considerably  in  the  handling  of  the  material. 
A  spur  of  the  Niagara  branch  of  the  Michigan  Central  railway  runs  befween  the  pack- 
ing and  store  houses,  so  that  shipping  by  ral  is  rendered  extremely  convenient. 

The  output  of  the  plant  is  at  present  350  barrels  per  day,  and  additions  and 
improvements,  especially  in  the  quarrying  and  grinding,  are  soon  to  be  made. 

**Queenston*'  cement  is  employed  chiefly  for  floors,  foundations,  silos,  dwellings 
and  farm  use  generally,  and  is  marketed  in  Western  Ontario  and  Manitoba.  A  small 
export  is  annually  made  to  Lewiston  and  other  towns  in  the  vicinity,  in  New  York 
state. 

The  Estate  of  John  Battle 

The  works  of  this  company  are  in  the  town  of  Thorold.  In  1841  Mr.  John  Brown, 
the  predecessor  of  the  late  John  Battle,  opened  the  quarries  from  which  the  oemeat 
rock  is  now  obtained.  There  is  a  surface  layer  of  fourteen  feet  of  clay  overlying  an 
equal  thickness  of  crystalline  limestone.  Beneath  this  is  found  the  cement  ttone, 
\arying  in  thickness  from  eight  to  ten  feet,  and  of  tolerably  uniform  quality.  Tfcd 
stone  is  mined  both  in  the  open  cut  and  in  drifts  underneatlb'  the  overlying  limestone, 
the  roof  being  supported  as  in  the  Queenston  mine  on  pillars  of  either  the  stond 
itself  or  of  built-up  materials.      The  location  has  an  area  of  50  acres. 

From  the  quarries,  the  rock  is  brought  by  narrow  gauge  track  and  horse  cars  to 
a  battery  of  five  upright  continuous  kilns,  where  the  burning  is  done  by  filling 
ftlternate  layers  X)f  soft  coal  and  stone.  Four  days  after  the  fire  is  begun,  "draw^'ng 
off''  is  commenced,  and  is  repeated  at  intervals  of  twenty-four  hours  continuously 
afterwards.  The  usual  care  in  the  selection  of  proprely  burned  rock  and  the  rejection 
of  cinder,  slag  and  underburned  stone  is  then  necessary.  The  calcined  stone  is  brought 
by  the  Niagara,  St.  Catharines  and  Toronto  Electric  Railway  tto  the  mills  •n  the  town 
of  Thorold,  one  mile  from  the  kilns,  power  for  the  purpose  being  obtained  from  the 
eld  canal,  where  a  head  of  fourteen  feet  is  available.  Two  turbines  of  eighty  ani 
sixty  horse  power  respectively,  supply  the  necessary  energy 

The  stone  is  first  broken  in  .  "cracker."  and  then  ground  in  buhr  stone,  of  which 
the  miU  ha.  three  run.  Bagging  in  cotton  and  paper  is  done  from  spout,  oonnectad  iHth 
the  receiving  bins.       The  output  of  "Thorold"  cement  U  200  barrel,  per  di^   wd 
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tMcbea  *bout  thirty  tlA>uBand  barrels  per  year.    The  prMent  proprietors  are  the  sons 
of  the  Iste  John  Battle,  who  assumed  centred  of  the  works  at  least  thirty  years  ago. 

F.  Schwendlman 

The  quarry  from  which  Mr.  Schwendiman  obtains  his  cement  rock  is  situated  in 
the  township  of  Barton,  four  miles  from  Hamiltbn.  The  rock  at  present  is  beirj 
obtained  from  the  valley  of  a  small  stream.  It  is  burned  in  a  continuous  fire-briok 
lined  upright  kiln,  and  reduced  by  a  "cracker"  of  the  coSee  m'll  type,  and  by  buhr 
Gtoaes,  of  wbich  the  mill  has  two  run.  The  kiln  has  a  vertical  height  exceeding  Xl 
feet  and  a  maximum  diameter  of  about  e<ght  feet.  The  stone  is  carted  up  an  incline 
to  the  top  of  the  kiln  wUsre  a  receiving  hopper  has  been  constructed.  The  threat  of 
the  kiln  is  just  below  the  hopper,  and  is  about  five  feet  in  diameter.  The  firing  i4 
done  in  two  burning  arches  on  opposite  sides  of  the  kiln.  These  arches  are  about  six 
feet  in  length — the  thickness  of  the  walls  of  the  structure.  Soft  coal  is  the  fuel 
employed.  The  burned  stone  is  drawn  off  beneath  through  an  inclined  chute  and  is 
wheeled  by  barrows  to  the  grinding  mill.  The  plant  has  a  capacity  of  65  barrels  per 
day.     It  is  marketed  from  Rymal  station,  a  short  distance  liom  the  quarry. 


Toronto  Lime  Company 

The  Limebbuse  cement  works  are  situated  on  the  main  line  of  the  Grand  Trunk 
railway,  where  the  road  makes  the  ascent  of  the  Niagara  escarpment.  The  formation 
is  the  same  as  at  Thorold,  being  at  the  base  of  the  Niagara  limestone. 


The  Toronto  Lime  Co..  Liniehi 


making  natural  «'ii 


The  company  manufactures  lime  extensively,  this  industry  of  late  years  much 
surpassing  in  importanco  the  niaiiitfacture  of  natural  cement.  The  Gowdy  kilns  in 
which  the  cement  is  made  are  situated  at  Limehouso.  The  limestone  has  beuit 
quarried  frran  the  surface  for  building  and  for  the  manufacture  of  lime  over  an  area 
ol  twelve  acres.  Under  this  to  a  thickness  of  nine  feet  lies  the  cement  rock.  The 
location  covers  an  area  of  nearly  forty  acres.  On  account  of  the  well  marked  strati- 
fication, the  quarrying  is  attended  by  no  great  difficulties. 
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The  kiln  is  similar  in  construction  to  the  one  at  Hamilton  just  described.  Tho 
height  over  all  is  thirty-five  feet,  the  throat  a€  the  top  being  eight  by  ten  feet. 
There  are  four  fire  holes,  two  on  each  side  of  two  Opposite  sides,  into  which  the  stoking 
it  done.  The  *'£ldridge"  system  of  blowing  is  employed.  A  rotary  fan  draws  hot 
gases  from  a  point  seven  feet  below  the  top  of  the  kiln,  and  this  hot  air  is  forced  by 
the  same  fan  into  the  fire-place.  By  a  suitable  contrivance  any  quantity  of  cold  mt 
may  be  admitted  to  the  blast  to  mix  with  the  hoi.  The  manager  states  that  the  most 
desirable  fuel  for  the  calcination  of  natural  cement  limestone,  is  wood.  Coal  is  said 
to  give  too  intense  a  heat,  and  the  object  of  the  Eldridge  system  is  to  moderate  th*s 
l>eat  by  the  introduction  of  carbonic  acid  gas  into  the  blast.  The  method  is  said  to 
work  very  satisfactorily.  The  kiln  is  lined  with  fire-brick,  and  this  lining  has  to  be 
renewed  once  every  three  years. 

The  kiln  is  drawn  once  every  four  hours,  and  the  stone  allowed  to  ood  an  hour 
on  the  floor  before  being  removed  by  cart  to  the  mill  to  be  ground.  The  "cracker" 
I  educes  to  pea  size,  after  which  the  buhr  stones  complete  the  reduction.  The  capacity 
of  the  plant  is  100  barrels  per  day.  Packing  is  done  in  barrels  of  240  pounds  capacity, 
and  in  bags  of  half  that  quantity.    The  brand  is  known  as  "Ontario." 


TESTINQ  OF  CEMENTS 

A  perfect  method  of  testing  cement  has  yet  to  devised.  A  uniform  method — jt 
rather  a  method  which  with  uniform  material  will  give  uniform  results  in  the  hands 
of  all  experienced  operators — has  also  yet  to  be  invented.  Many  attempts  to  secure 
•uch  results  by  complicated  and  expensive  testing  machines  have  been  made,  and  in 
some  ca:^es  at  least  the  results  obtained  were  less  satisfactory  than  where  the  simplar 
Piethod  was  used.  It  should  be  and  is  possible  to  employ  a  few  simple  tests — requiring 
but  inexpensive  equipment  and  reasonably  sure  in  results,  that  will  discover  a  good 
cement  and  expose  the  pernicious  qualities  in  a  bad  one.  For  the  general  user,  this 
f^hould  be  sufficient.  The  tests  that  are  usually  made  are  six  in  number,  and  are  as 
follows:  fineness  of  grinding,  specific  gravity,  tensile  strength,  neat  and  with  sand, 
the  hot  te<t  and  the  time  of  setting. 

Fineness  of  Grinding 

It  ha-  l'«oii  t  l»-»Tvod  that  fine  grinding  will  decrease  the  tensile  strength  neat, 
but  will  iniTt-aso  it  in  a  mortar.  As  no  cements  are  used  commercially  without  some 
kind  of  a^grtjiaro.  iho  latter  is  the  phase  of  the  result  to  which  thje  user's  attention 
is  Jiroit«d.  Fi!..ii»s>  is  i;o:  a  sure  indication  of  the  value  of  a  cement,  although  all 
cements  are  iiiiproved  by  tine  irrindin^.  The  residue  r  n  sieves  of  various  sized  mesh, 
usually  fifty .  ono  luiiulred  and  two  hundred  to  the  lineal  inch,  is  expressed  as  » 
percentage  o:  tho  rrisjinal  weijiht.  In  the  results  printed  elsewhere,  one  thousand 
unit-i  by  wtici  t  ,.i'  romont  wore  <iitt^xi  by  band.  Sitting  was  discontinued  when  after 
a  certain  ti::\e  iTiiorval  a  quantity  less  than  one  unit — one-tenth  of  one  per  cent.— 
I-assod  the  sieve.  Sieves  of  fifty  and  one  hundred  meshes  to  the  linear  inch  were 
f^mployoil  in  tliis  instance.  A  "trace'*  may  be  interpreted  as  a  quantity  less  than 
cncvtenth  of    t^no  per  cent,   of  the  original. 

5pecific  Gravity 

Tho  sp.vit'ic  gravity  test  is  cottsider^ni  to  be  a  moans  of  detecting  under-burning, 
orer-burning  or  adulteration.  Cement  being  a  powder  susceptible  to  the  action  of 
water,  .H>al  oil  or  turpeniino  is  ns-mlly  empIoy.Hl  in  tho  determination        Care  should 
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6  taken  that  no  change  of  temperature  in  the  fluid  takes  place  during  the  experiment^ 
ad  that  no  buhhles  of  air  are  concealed  in  the  flask.  An  overburned  fused  clinker 
ill  give  a  heavy  cement,  while  an  underburned  one  is  likely  to  be  low  in  speoifio 
ravity.  Adulterants  are  usually  of  less  density  than  cements,  and  will  operate  to 
?duce  the  specific  gravity. 

Tensile  5tren^h 

The  tensile  strength  test,  rightly  or  wrongly,  has  come  to  be  the  one  to  which  the 
opular  eye  is  directed  in  judging  the  merits  of  a  brand  of  cement.  This  test,  it 
roperly  made,  is  without  doubt  a  valuable  thbugh  not  a  perfect  indication  of  quality, 
he  cement  is  made  into  a  stiff  batter  and  placed  in  briquette  moulds  of  a  least  cross- 
action  of  one  square  inch.  After  setting  for  twenty-four  hours  in  moist  air,  the 
riquettes  are  remK>ved  from  the  moulds  and  placed  in  a  water  bath  where  th^y  remain 
>r  times  varying  very  much  at  the  caprice  of  the  tester.  These  periods,  however, 
re  usually  three  days,  seven  days,  twenty-eight  days,  and  three,  six,  or  twelve  months, 
t  the  end  of  the  interval  desired,  they  are  broken  in  some  kind  of  tensile  testing 
lachine.  A  good  cement  should  show  an  increasing  tensile  strength  as  the  ag*) 
ecome  greater.  If  there  is  a  dropping  off  in  ultimate  strength  at  the  longer  time 
98ts,  it  would  lead  us  to  suspect  that  under-burning  or  over-liming  was  the  fault, 
ither  of  these  will  give  what  we  have  come  to  call  ''free  lime.''  This  ''free  lime" 
irough  spontaneous  disintegration,   will  in  time  reduce  the  tensile  strength. 

In  the  experiments,  whose  results  are  given  elsewhere,  the  percentage  of  water 
ecessary  to  give  a  proper  consistency  was  found  in  each  instance  by  a  preliminary 
)st.  That  percentage,  when  learned,  was  used  in  the  subsequent  tests  with  that 
rand.  The  wat«r  used  was  first  brought  to  roo  mtemperature  (608  F.)  and  a  regular 
kterval  of  three  minutes'  trowelling  on  the  slab  was  given  each  batter  before  placing 
^  the  moulds. 

Experience  has  shown  that  the  ratio  of  compressive  to  tensile  strength  varies  from 
'ven  to  ten  in  mortar  in  the  proportion  of  one  of  cement  to  three  of  sand,  and  as 
le  latter  is  much  more  easily  obtained,  it  is  alniiost  exclusively  employed,  notwith- 
ending  the  fact  that  cement  in  sructures  is  not  usually  subjected  to  tensile  stress, 
xperience  has  further  shown  that  the  personal  element  is  a  matter  of  great  consequence 
I  the  making  of  tensile  tests  of  cement.  This  is  true  to  a  very  great  extent  in  mortar 
sts,  and  in  a  lesser  degree  with  neat  cement  also.  The  manner  and  duration  of  the 
ixing  and  the  methbd  of  compacting  in  the  mould  would  undoubtedly  influence  the 
suits  obtained  in  no  small  degree.  For  this  reason  it  is  scarcely  fair  to  compare 
le  man's  results  with  another's,  or  perhaps  even  with  his  own,  unless  through  extensive 
rperience  he  has  acquired  a  method  of  working  that  is  nearly  uniform.  Were  wo 
» take  a  parcel  of  cement  thoroughly  mixed  so  that  the  quality  is  uniform  throughout, 
id  divide  it  into  five  parts,  giving  each  of  five  experienced  testers  a  sample,  with 
istructions  to  determine  the  tensile  strength  of  a  three  to  one  mortar,  we  would 
jry  probably  be  surprised  at  the  discrepancy  in  results.  The  so-called  "personal 
luation"  must  be  reckoned  with  when  an  attempt  is  made  to  institute  comparisons. 

The  mortar  testa  were  made  from  a  three  to  one  mixture  for  Portlands,  and  a  one 
.  one  for  natural  cements.  The  sand  used  was  a  calcareous  pit  variety,  free  from 
ganic  matter,  loam  or  clay.  The  briquettes  were  lightly  rammed  with  a  steel  ram- 
er,  and  every  attempt  to  do  this  in  a  uniform  manner  was  made.  The  proportions 
Bre  by  weight,  not  volume. 

Constancy  of  Volume 

It  has  become  the  fashion  to  consider  the  hot  test,   a  test  for  free  lime,  which 

the    presence    of    heat  and  moisture  slacks  and  disintegrates  the  pat.     This    may 

may  not  be  so,  but  it  is  certain  that  free  lime,   if  added  to  a  good  cement,   will 

oduce  the  "blowing"  which  it  is  the  purpose  of  the  hot  test  to  detect.     In  the  test 

Ontario  brands,   the  pats  were   allowed  to  stand  six  hours   in   moist   air   above   a 
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bath  of  water  kept  at  120P  F.  Then  they  were  pat  in  the  hot  hath  for  thie  remaining 
eighteen  of  the  twenty-four  hours.  Pats  made  of  good  cement  should  not  leave  the 
glass  plate,  should  not  crack  or  disintegrate  in  any  way,  and  if  broken  should  snap 
with  a  moderately  high!  musical  note.  A  cement  that  stands  the  hot  test  and  is  finely 
ground,  is  not  likely  to  give  very  much  trouble. 

Setting 

The  setting  is  usually  reported  at  two  stages  —  initial  and  final.  Initial  set  is 
defined  as  the  interval  elapsing  from  the  time  of  adding  the  water  to  the  cement 
until  the  batter  will  support  a  needle  of  diameter  equal  to  one-twelfth  of  an  inch 
and  weighted  with  a  quarter  of  a  pound.  The  final  set  is  the  time  elapsing  from  the 
addition  of  the  water  until  the  batter  will  support  a  needle  of  one  twenty-fourth!  inch 
diameter  weighted  with  one  pound.  As  the  time  of  setting  will  depend  on  the  amount 
cf  water  used,  that  quantity  which  with  trowelling  will  first  cause  a  gloss  to  appear 
on  the  surface  of  the  batter  is  recommended.  In  other  words,  a  minimum  of  water 
ii*  to  be  employed. 

The  specifications,  for  standard  Portland  cement,  of  the  Canadian  Society  of  Civil 
Engineers,  and  of  the  American  Society  for  Testing  Materials,  are  appended : 

The  Canadian  Standard 

The  standard  specifications  of  the  Canadian  Society  of  Civil  Engineers  are  as 
follows : 

The  whole  of  the  cement  is  to  be  well-burned  pure  Portland  cement,  of  the  best 
quality,   free  from  free-lime,  slag,  dust,   or  other  foreign  material. 

(1)  Fineness :  The  cement  shall  be  ground  so  fine  that  residue  on  a  sieve  of  10,000 
meshes  to  the  square  inch  shall  not  exceed  10  per  cent,  of  the  whole  by  weight,  and 
the  wl^le  of  the  cement  shall  pass  a  sieve  of  2,500  meshes  to  the  square  inch. 

(2)  Specific  Gravity :  The  specific  gravity  of  the  cement  shall  be  at  least  3.09,  and 
shall  not  exceed  3.25  for  fresh  cement;  the  term  ''fresh*'  being  understood  to  apply  to 
such  cements  as  are  not  more  than  two  months  old. 

(3)  Tests:  The  cement  shall  be  subjected  to  the  following  tests: 

(a)  Blowing  Test:    Mortar    tests    of    neat    cement,    thoroughly    worked,    shall  be 
trowelled   upon    carefully    cleaned  5-inch    by   2i-incli    ground  glass    plates.     The  pats 
shall  be  about  i-inch  thick  in  the  centre,  and  worked  off  to  sharp  edges  at  the  four 
sides.     They   shall  be  covered  with   a  damp  cloth  and   allowed   to   remain   in  the  air 
until   set,   after  which  they  shull  bo  placed   in  vapor  in  a  tank,  in   which  the  wat«r 
is  heated  to  a  temperature  of  130*'  F.       After  remaining  in  the  vapor  six  hours,  in- 
cluding the   time  of  setting   in    air,    they   shall  be    immersed    in   the    hot   water  and 
allowed   to  remain  there  for  eighteen   hours.     After  removal  from  the  water  the  sam- 
ples  shall    not   be   curled    up,    shall    not   have   fine  hair   cracks,    nor    large   expansion 
cracks,    nor  shall   they    be  distorted.     If   separated   from  the  glass,  the  samples  shall 
break  with  a  sharp,  crisp  ring. 

(b)  Tensile  Test,  Neat  Cement :  Briquettes  made  of  neat  cement,  mixed  with  about 
20  per  cent,  of  water  by  weight,  after  remaining  one  day  in  air,  in  a  moist  atmos- 
phere, shall  bo  immersed  in  water,  and  shall  be  capable  of  sustaining  a  tensile  stress 
of  250  lb.  per  square  inch,  after  submersion  for  two  days;  400  lb.  per  square  inch 
after  submersion  for  six  days;  500  lb.  per  square  inch  after  submersion  for  27  day^. 
The  tensile  test  shall  be  considered  as  the  average  of  the  strength  of  five  briquetttes, 
and  any  cement  showing  a  decrease  in  tensile  strength  on  or  before  €ha  twenty-eighth 
day  shall  be  rejected. 

Sand  and  Cement:  The  sand  for  standard  tests  shall  be  clean  quarts,  crushed 
so  that  the  whole  shall  pass  through  a  sieve  of  400  meshes  per  square  inch,  but  shall 
be  retained  on  a  sieve  of  900  meshes  per  square  inch.  The  sand  and  cement  shall  be 
thoroughly  mixed  dry,  and  then  about  10  per  cent,  of  their  weight  of  water  shall  bo 
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added,  when  tlie  briqueUee  are  to  be  formed  in  suitable  moulds.  After  remaining  in  a 
damp  chamber  for  24  hours,  the  briquettes  shall  be  immersed  in  water,  and  briquettes 
made  in  the  prc^ortion  of  one  of  cement  to  three  of  sand  by  weight,  shall  bear  a  tensil.) 
stress  of  125  lb.  per  square  inch  after  submersion  for  six  days,  and  200  lb.  per  square 
inch  after  submersion  for  28  days.  Sand  and  cement  briquettes  shall  not  show  a 
decrease  in  tensile  strength  at  the  end  of  28  days  or  subsequently. 

(4)  The  manufacturer  shall,  if  required,  supply  chemical  analyses  of  the  cement. 

(5)  Packing :  The  cement  shall  be  packed  either  in  stout  air  and  water-tight  cask<}, 
carefully  lined  with  strong  brown  paper,  or  in  strong  air  and  water-tights  bags. 

(6)  The  manufacturer  shall  give  a  certificate  with  each  shipment  of  cement,  stating 
U)  the  date  of  manufacture;  (2)  the  tests  and  analyses  which  have  been  obtained  for 
the  cement  in  question  at  the  manufacturer's  laboratory;  (3)  that  the  cement  does 
not  contain  any  adulteration. 

The  American   Standard 

The  standard  of  the  American  Society  for  Testing  Materials  is  as  follows: 

Definition.  The  term  Portland  cement  is  applied  to  the  finely  pulverized  product 
resulting  from  the  calcination  to  incipient  fusion  of  an  intimate  mixture  of  properly 
proportioned  argillaceous  and  calcareous  materials,  and  to  which  no  addition  greater 
than  three  per  cent,  has  been  made  subsequent  to  calcination. 

Specific  Gravity,  The  specific  gravity  of  the.  cement,  thoroughly  dried  at  100^  C. 
(boiling  point)  shall  not  be  less  than  3.10. 

Fineness,  It  shall  have  by  weight  a  residue  of  not  more  than  eight  per  cent,  on 
a  No.  100  sieve,  and  not  more  than  twenty-five  per  cent,  on  a  No.  200  sieve. 

Time  of  Setting,  It  shall  develop  initial  set  in  not  less  than  thirty  minutes,  but 
must  develc^  hard  set  in  not  less  than  one  hour  nor  more  than  ten  hours. 

Tensile  Strength,  The  minimum  requirements  for  tensile  strength  for  briquettes 
one  inch  square  in  section  shall  be  within  the  following  limits,  and  shall  show  no 
retrogression  in  strength  within  the  periods  stated. 

Neat  Cement 

24   hours   in  moist  air 160  to  200  lb. 

24  hours  in  moist  air  and  6  days  in  water  450  to  550  lb. 

24  hours  in  moist  air  and  27  days  in  water  550  to  650  lb. 

One  part  cement  to  three  parts  sand: 

24  hours  in  moist  air  and  6  days  in  water   150  to  200  lb. 

24  hours  in  moist  air  and  27  days  in  water  200  to  300  lb. 

Constancy  of  Volume,  Pats  of  neat  cement  about  three  inches  in  diameter  one- 
half  inch  thick  at  the  centre  and  tapering  to  a  thin  edge  shall  be  kept  in  moist  air 
for  a  period  of  twenty-four  hours. 

(a)  A  pat  is  then  kept  in  air  at  normal  temperature  and  observed  at  intervals  for 
■t  least  twenty-eight  days. 

(b)  Another  pat  is  kept  in  water  maintained  as  near  seventy  degrees  F.  as  prac- 
ticable, and  observed  at  intervals  for  at  least  twenty-eight  days. 

(c)  A  third  pat  is  exposed  in  any  convenient  way  in  an  atmosphere  of  steam  above 
boiling  water,  in  a  loosely  clbsed  vessel  for  five  hours. 

These  pats  to  satisfactorily  pass  the  requirements  shall  remain  firm  and  hard  and 
■how  no  signs  of  distortion,  checking,  cracking  or  disintegrating. 

Svlphuric  Acid  and  Magnesia,  The  cement  shall  not  contain  more  than  1.75  per 
cent,  of  anhydrous  sulphuric  acid  (SO,)  nor  more  than  4  per  cent,  of  mafirm'sia  ( Mg  O) . 
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USES  OF  CEMENT 

In  general,  cement  for  construction  purposes  is  employed  in  two  ways,  namely, 
in  mortar  and  in  concrete,  either  plain  or  reinforced  with  metal.  It  is  almost  never 
used  commercially  neat,  that  is,  without  sand.  Sometimes,  however,  for  grouting 
D  asonry,  the  neat  paste  is  employed,  experience  having  proved  that  there  are  almost 
uncontrollahle  tendencies  on  the  part  of  the  sand  in  a  grouting  mortar  to  separate  from 
the  cement,  to  choke  passages,  and  to  cause  voids  to  occur. 

Experiments  in  the  use  of  cement  as  a  protection  to  bridge  steel  in  structures 
have  proved  its  usefulness.  Structural  steel  exposed  to  the  gases  of  passing  locomotives 
for  example,  shows  a  rapid  and  harmful  corroding,  which  a  paste  of  cement,  red  lead 
and  japan  has  proved  very  efficacious  in  arresting.  It  is  the  custom  to  apply  thii 
paste  in  a  thickness  of  one-quarter  of  an  inch.  Further  experiments  will  no  doubt 
confirm  the  finding  of  those  who  have  tried  this  preventive  to  corrosion.  These  uses 
and  some  others,  for  example  the  utilization  of  cement  as  a  pigment  in  paint,  must 
be  regarded  as  special. 

For  Making  Mortar 

The  use  of  mortar  is  exceedingly  ancient.  Lime  mortar  has  been  employed  in  the 
masonry  of  southern  Europe,  particularly  in  Italy,  for  twenty  centuries,  but  in  iU 
durability,  its  strength  and  the  variety  of  uses  to  which  it  may  be  put,  it  is  quite 
inferior  to  its  more  modern  rival,  Portland  cement  mortar.  It  is  generally  believed 
tliat  the  ultimate  hardening  of  lime  mortar  is  due  to  the  absorption  from  the  air  .>f 
carbonic  acid  gas,  which  in  combination  with  the  lime  forms  a  limestone.  Hence  it 
follows  that  lime  mortar  which  has  been  thoroughly  exposed  to  the  atmosphere  for  a 
Bufficiently  long  time  will  approach  more  or  less  in  chemical  composition  and  hardness 
the  common  limestone  with  which  all  arc  familiar. 

Lime  versus  Cement 

Analyses  made  of  lime  mortars  taken  from  the  structures  of  antiquity  demon- 
strate, however,  the  following :  the  mortar  is  never  completely  changed  to  the  car- 
bonate of  lime  except  at  the  surf;ico,  and  whore  mortars  have  been  excluded  from  ail 
air,  no  change  even  after  the  lapse  of  centuries  has  taken  place.  The  great  time 
r.ecessary  to  accomplish  the  complete  hardening  bf  lime  mortars  is  a  serious  objection 
to  their  use  in  many  cases.  The  structure  in  which  they  have  been  used  may,  due  to 
settlinp:  of  foundations  or  to  the  weight  of  material  above  it,  deform  seriously  before 
it  lins  ilcvolopod  a  sufficient  hardness  to  ensure  safety.  Again,  the  evolution  of  the 
modern  tall  })uilding  has  rendered  necessary  a  radical  change.  Lime  mortar  is  many 
times  \v<>aker  in  compressive  stren<rth  than  is  a  mortar  of  similar  mixture  containing 
Portland  cement,  the  latter  of  which  will  in  time  equal  clay  brick  In  compressive 
strength.  Lime  mortar  of  a  mixture  three  to  one  at  the  age  of  a  year  will  average 
a  tens;ilo  ^trcn^^tli  of  •''0  11).  por  square  inch,  or  a  compressive  stron<»th  approaching 
POO  lb.  per  square  inch.  Cement  mortar,  three  to  one  of  the  same  apre,  will  give  a 
tensile  strergth  of  400  lb.  per  square  inch,  and  a  compressive  strength  approaching 
4,000  lb.  or  about  the  strength  of  a  good  clay  brick,  as  said  above.  In  other  words, 
the  strength  of  cement  mortar  is  approximately  eight  times  that  of  lime  mortar  of  the 
same  mixture  and  age. 

Results  of  tests  made  under  the  direction  of  Prof.  C.  H.  C.  Wright,  of  the  School 
cf  Practical  Science,  Toronto,  on  brick  piers  using  lime  mortar  of  certain  proportiors 
in  one  series,  and   cement   mortar   in  another  are  given  below.       The  bricks,    age  and 
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r   conditions    being  as   nearly   identical  as   possible^    we  see  tbat  the  latter  are 
ble  of  resisting  from  two  t'o  four  times  as  great  a  load  per  unit  of  area. 


Crubhing  Strength, 


w.       •  *i        *  •»  '         Lime  mortar, 

DeKcnption  of  J'ier.  2  (y  i^ 


Cement  mortar, 
3  to  1. 


lb.  iKjrsq.     tons,  per     lb.  persq.:   tons,  per 
In.  sq.  ft.  in.        •     sq.  ft. 


ler  Brick,  2nd  class,  8  cour^eH    293  21  1,131  81.4 

on  Clinker,  8  courses I  609  43.8 

ille  Brick  No.  1.  white !  509  36.6 

llle  Brick,  No.  2,  8  courses I  392  28.2 


2,408  173.4 

1,062  76.5 


1,018  73.3 


The  inconsistency  of  laying  good  clay  brick  in  lime  mortar  where  the  structure 
'  be  subjected  to  heavy  loading,  lies  in  the  manifest  inequality  in  point  of  strengths 
tie  bricks  and  their  jointing.  Further,  the  fact  that  lime  mortar  cannot  be  laid 
rater,  and  will  not  harden  under  water,  renders  it  useless  for  all  kinds  of 
aulic  and  submarine  work.  So,  too,  its  porosity,  especially  in  damp  and  frosty 
itions  puts  another  limitation  on  its  use  as  a  material  of  construction. 

What  Mortar  Is 

A  mortar  is  made  by  thoroughly  mixing  sand,  cement  and  water  in  varying  pro- 
ions.  Of  sand  there  are  many  kinds  differing  in  composition,  angularly,  sise  of 
ns,  etc.  Experience  seems  to  prove  that  a  limestone  or  calcareous  sand  is  generally 
e  preferred  to  a  silica  or  quartz  sand,  there  being  usually  a  better  bond  between 
cement  and  the  grains  in  the  case  of  the  former. 

For  submerged  or  impervious  work  solid  mortar  is  necessary,  and  for  almost  all 
it  is  desirable.  A  solid  mortar  is  obtained  by  having  a  quantity  of  cement  equal 
'  slightly  in  excess  of  the  voids  in  the  said,  there  being  usually  a  better  bond  between 
of  cement  completely  or  almost  completely  surrounding  jt.  It  will  be  agreed  that 
nd  whose  grains  are  of  uniform  size  will  have  a  greater  percentage  of  voids  than 
a  sand  with  grains  of  varying  size.  Hence  it  follows  that  the  latter  will  require 
8  quantity  of  cement  to  produce  a  solid  or  impervious  mortar.  The  eight  thousand 
ns  contained  in  one  cubic  inch  of  sand,  each  grain  being  one-twentieth  of  an 
in  diameter,  present  an  external  area  of  one  hundred  and  twenty  square  inches 
nst  one  hundred  and  seventy-six  square  inches  where  the  grains  are  one-thirtieth  of 
nch  in  diameter.  From  this  it  is  seen  that  the  "covering  power"  of  cement  will  be 
ter  in  a  coarse  sand ;  or  what  is  probably  the  same  thing,  for  equal  strengths,  more 
mt  will  be  needed  with  a  fine  variety,  solidity  not  Being  an  essential.  Again,  for 
same  proportibns  of  ingredients  in  mortar,  greater  strength  will  be  obtained  with 
arse  sand  than  with  a  fine  one. 

Sand  for  Mortar 

The  question  of  voids  in  a  sand  where  a  solid  and  impervious  mortar  is  desired 
nportant.     The  percentage  of  voids  in  any  case  may  be  easily  obtained  by  adding 
iT  to  the  sand  in  a  water  tight  vessel  until  it  flushes  even  with  the  surface  of  the 
I.    The  increase  in  weight  due  to  the  added  water,  converted  into  units  of  volume- 
expressed  as  a  percentage  of  the  volume  of  the  sand,  is  the  process  in  brief. 

Voids  in  sands  vary  from  tweny-five  to  fifty  per  cent.,  or  from  a  quarter  to  a  half 
he  wetted  volume  which  is  on  an  average,  twenty  per  cent,  less  than  the  volume 
n  dry.     It  should  be   remembered,   too,  that  a   shrinkage   in  the  cement  on  the 
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addition  of  water  may  be  pat  at  ten  per  cent.  Supppae  we  deaire  a  aolid  mortar  from 
a  sand  with  thirty-five  per  cent,  of  Toids.  It  is  erident  that  a  three  to  one  mixture 
will  give  this  with  a  small  margin,  since  the  voids  would  be*/]«tof  (3  x  ^im)  =  .84  snd 
the  cement  available  to  fill  these  voids  wonld  be  **  m  of  1  =  .90. 

The  essentials  of  a  good  sand  are  nsnally  stated  in  specificationa  to  be  deannesi, 
coarseness  and  sharpness.  The  cleanness  is  onderstobd  to  he  freedom  frcnn  loam,  cUj 
or  organic  matter,  and  the  sharpness  as  synonymoos  with  angularity.  A  number  ^i 
tests  for  the  purpose  of  discovering  the  effect  of  clay  in  a  three  to  ooe  mortar  were 
made  last  fall  in  the  cement  laboratory  of  the  School  of  Practical  Science.  The  per- 
centage of  clay  varied  from  two  to  six  per  cent,  the  other  elements  being  constant. 
It  will  be  seen  from  the  following  summary  that  in  all  cases  the  effect  of  the  clay  was 
to  increase  the  tensile  strength.  It  would  appear  then  as  if  small  percentsges 
of  this  material  are  not  objectionable  in  a  cement  mortar. 


Agv.  28  days. 

Percent,  of  rlay. 

Average  tensile  strength. 

0 
•2 
4 

*20W 
248 

28 

The  effect  of  adding  sand  to  a  cement  is  to  weaken  it,  no  mortar  being  as  strong 
86  a  neat  cement.  The  following  table  is  given  as  representing  the  relative  strengthi 
xc  the  average  case. 


Mixture, 
(.'emcnt.  SHiid. 


Kolatlvc  Strength. 


1  0                                            1 

1  1                                        ■;:, 

1 

1  3                                        \, 

1  * 


The  Use  of  Lime  Paste 


The  practice  of  adding  lime  paste  to  cement  mortar  for  plastering  and  other  pur- 
poses is  quite  coiiimon,  the  objects  sought  being  cheapness,  strength,  imperviousness 
and  a  desire  to  attain  a  smoothness  in  working  not  possible  with  cement  alono. 
Investigation  seems  to  p]\)ve  that  an  addition  of  lime  paste  not  exceeding  twenty  per 
cent,  of  the  mortar  will  not  reduce  the  strength,  and  in  some  cases  appears  to  increaie 
it.  While  slightly  reducing  the  cost,  it  gives  the  mortar  a  ''body"  very  much  desired 
by  the  workmen.  Beyond  the  limit  given,  it  is  perhaps  not  wise  to  go  if  strength  ia 
a  factor  sought. 

The  Owon  Sound  )>irtland  Cement  Company,  in  their  brochure  on  the  uses  of 
cement  suggest  the  following:  "If  it  is  desired  to  make  water-tight  mortar  for  cisterns 
and  reservoirs,  and  where  absolutely  water-tight  work  is  required,  the  following  propor- 
tions are  recommended: 

Portland  cement.  Sand.  Lime  paste. 

1  part  2  parts  i  part 

1  part  3  parts  1  part 

For  brick  work.  Samson  Portland  cement,  mixed  with  nine  parts  of  sand  and  ons 
part  of  limo  panto  ia  reotnu mended,  although  the  cheaper  proportion  of  one  part  of 
cement,  eight  of  sand»  and  one  and  a  half  of  lime  paste  will  give  excellent  results.*' 
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For  Impervious  Mortar 

With  the  object  of  determining  the  causes  and  remedies  for  permeability  of  cement 
by  water^  a  series  of  experiments  was  oonductd  in  1901  and  1902  in  the  State 
Dniyersity,  Columbus^  Ohio.  In  view  of  the  fact  that  cement  is  being  employed 
extensively  where  it  is  subjected  to  hydraulic  pressure,  as  in  sewers,  watermains  and 
lesenroirs,  a  summary  of  the  finding  may  be  interesting.     It  is  as  follows: 

"The  permeability  cannot  be  materially  reduced  by  the  application  of  soap  and 
dam  solutions' or  by  finely  powdered  loam  used  in  the  sand,  but  it  can  be  reduced  (1) 
by  the  application  of  one  to  five  coats  of  cement  grout,  the  reduction  amounting  to 
from  seventy  to  ninety-eight  per  cent,  of  the  initial  leakage;  (2)  by  a  coating  of  neat 
eemoit  mortiar  one  quarter  of  an  inch  thick ;  (3)  by  the  mortar  surface  standing  under 
a  head  of  water  containing  suspended  matter." 

The  mixing  of  the  sand  and  cement  should  be  thoroughly  done  dry  until  the  color 

is  uniform.  Then  the  water  should  be  added  and  the  whole  mass  turned  over  until 
every  part  is  thoroughly  wetted.  It  is  as  possible  to  weaken  a  mortar  by  too  much 
water  as  it  is  by  too  little.  The  correct  quantity  depends  on  the  sise  and  dryness 
of  the  sand,  and  to  some  extent  on  the  kind  and  age  of  the  cement. 

The  following    table  is    taken  from  a   circular  issued    by  the    Buckeye    Portland 

Cement  Company  of  Harper,  Ohio,  and  gives  the  amount  of  cement,  sand  and  lim^ 

paste  needed  to  lay  one  thousand  bricks. 


Mortar  in  all  cases  6:1  :  1. 


Joint. 


Proportion  of  mortar 
to  brick. 


H   ** 


1  to    9 

1  •*     4 

3  ••   10 

1  ••     3 


Bus.  of 
sand. 


3.8 

9.6 

12.6 

15.2 


fibls.  of 
cement. 


.21 
.53 
.70 
.83 


Bus.  of 
lime. 


.64 
1.6 
2.1 
2,5 


For  Making  Concrete 

The  second  use  of  cement  is  in  concrete.  Concrete  consists  of  a  ''matrix'*  and  a  a 
'aggregate.''  The  matrix  is  defined  as  the  cement  and  the  sand  plus  the  water.  The 
Aggregate  may  be  broken  stone,  shingle,  cinders,  slag,  etc.  The  remarks  re  solid  ani 
impervious  mortar  will  apply  also  to  a  solid  and  impervious  co*«crete.  For  a  solid 
roncrete  the  voids  in  the  aggregate  should  be  filled  with  the  mortar^  which  in  turn 
ihould  contain  sufficient  cement  to  fill  all  cavities  in  the  sand.  It  should,  however, 
be  stated  that  very  good  and  serviceable  concrete  may  be  obtained  where  no  attempt 
U  made  to  procure  a  solid  mass.  The  quantity  of  voids  in  an  aggregate  depends  on 
Che  uniformity  or  lack  of  uniformity  in  sizia  and  shape  of  the  individual  parts.  To 
reduce  this  quantity,  it  is  evident  that  there  should  not  be  uniformity  of  size.  The 
folds  in  an  aggregate  will  vary  from  twenty-five  to  fifty  per  cent. 

Suppose  it  is  desii^ed  to  produce  a  solid  concrete  knowing  the  voids  to  be  as 
rollows:  sand,  35  per  cent.,  aggregate,  40  per  cent.  We  know  from  the  previous 
discussion  that  a  three  to  one  mixture  will  give  a  solid  mortar,  remembering  that 
i«nd  and  cement  shrink  twenty  and  ten  per  cent,  respectively  on  the  addition  of  water. 
Ih'e  volume  of  this  mortar  will  probably  be  about  equal  to  that  of  the  wetted  sand, 
^r  ^/leo  of  3  =  2.4  volumes.  These  2.4  volumes  would  by  a  simple  calculation  be  the 
roids  in  six  volumes  of  aggregate  of  the  character  assumed.  This  means  then,  that 
»  1:3:6  mixture  will  secure  the  solidity  desired. 

Gravel  and  water-worn  shingle  are  often  employed  as  an  aggregate  in  rough 
vrork.  Their  value  will  much  depend  on  their  frenedom  from  loamy  and  other  earth? 
matters,  but  their  lack  of  angularity  is  an  objection.  This  affects  the  strength  of  the 
concrete,  the  bond  betweien  the  cement  and  the  aggregate  being  more  easily  broken 
^^bsre  Bmooth  pebbles  are  used  for  the  latter.    This  bond  is  doubtless  strongest  where 
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the  aggregate  is  crushed  limestone.  Cinders  and  slag  have  the  sdTantage  oi  beiiig 
light  though  lacking  the  strength  of  the  stone.  The  weight  of  limestone  concrete 
is  about  150  pounds  per  cubic  foot,  while  that  of  cinder  concrete  is  about  100  pounds. 
For  flooring  purposes  and  where  resistance  to  fire  and  economy  are  considerat'ou. 
this  latter  commends  itself. 

Tfato  process  of  mixing  should  be  thorough.  The  sand  and  cement  should  be  mixad 
dry,  after  which  the  stone  should  be  added,  and  all  thoroughly  mixed  again.  Th*) 
cddition  of  the  water  and  a  turning  over  a  sufficient  number  of  times  to  wet  the  whoU 
mass  complete  the  process  of  preparation.  Thorough  ramming  until  water  flushes 
to  the  siirface  will  improve  the  strength  of  concrete  though  care  should  be  taken  not 
to  prolong  the  ramming  past  the  point  where  initial  set  begins.  For  the  same  reason 
a  batch  only  of  such  size  as  can  be  put  in  place  before  setting  has  begun  ahould  be 
mixed  at  a  time.  Where  a  large  quantity  of  concrete  is  required,  it  is  more  econom- 
ical to  employ  some  good  type  of  mixing  machine.  Such  a  machine  should  be  so 
designed  that  thje  complete  dry  mixing  of  the  sand  and  cement  can  be  done  before  the 
aggregate  and  water  are  added.  Machines  should  be  so  constructed  that  the  mixing 
may  be  continued  until  a  satisfactory  and  complete  incorporation  is  obtained.  la 
continuous  mixers,  this  is  apt  not  to  be  provided  for. 

The  Uses  of  Concrete 

Concrete  as  a  material  for  the  construction  of  all  kinds  of  foundations  has  to 
a  great  extent  replaced  stone  masonry  of  late  years.  Ita  cheapness,  and  the 
fact  that  skilled  labor  is  not  required  in  putting  it  in  place,  have  undoubtedly  been 
the  chief  encouragements  in  its  use.  For  bridge  abutments,  piers  and  arches,  building 
foundations,  canal  locks,  walls  of  dwellings  and  warehouses,  floors,  dams  and  bretk- 
waters,  street  pavements  and  sidewalks,  etc.,  concrete  has  "come  to  stay." 

The  character  of  the  mixture  used  in  any  case  will  depend  on  the  strength  re* 
quired.  The  Hanover  Portland  Cement  Company  recommend  the  following:  ''Accord- 
ing to  the  importance  of  the  work,  the.  proportions  for  concrete  may  be  as  follows: 
one  part  of  good  Portland  cement,  three  to  eight  parts  of  sand,  and  from  seven  b 
fourteen  parts  of  gravel  or  crushed  stone."  Cases  are  on  record  where  a  concrete 
of  surprising  strength  was  obtained  from  a  1:30  mixture,  but  such  lean  concretes  are 
not  recommended.  Indeed,  it  is  no  doubt  a  fact  that  good  brands  of  cement  are  some* 
times  blamed  for  failures  in  concrete  construction  where  the  leanness  of  the  mixtare 
was  wholly   at  fault. 

In  work  of  any  considerable  magnitude,  provision  for  expansion  and  oontractioa 
due  to  temperature  changes  should  be  made.  This  provision  usually  takes  the  form 
of  ''expansion  joints"  or  bulkheads  which  are  merely  vertical  seams  dividing  tha  work 
into  blocks.  Partitions  of  paper  or  of  sand  are  sometimes  employed  for  this  purpose. 
They  should  be  placed  at  intervals  of  thirty  to  fifty  feet. 

Concrete  and  Steel 

Until  r(Hditly.  concrete  has  simply  replaced  stone  in  building  cperafi  >ii>  It  hw 
the  same  mechanical  properties,  and  shares  the  same  defects.  Under  certain  conditions 
thou)2:h,  it  has  proved  superior  to  its  ancient  rival.  Within  the  ^ast  generation,  new 
possibilities  have  opened  to  concrete  through  the  careful  and  intelligent  addition  of 
steel,  the  combination  bringing  into  use  the  good  qualities  of  both  materials.  "Be-in* 
forced  concrete'*  is  a  term  which  of  late  years  has  been  used  to  designate  this  com- 
bination. It  is  also  known  as  "concrete-steel"  and  as  "armoured  concrete."  It  » 
e  well-known  fact  that  the  strength  of  concrete,  unlike  that  of  steel  or  timber,  is  many 
times  greater  in  (Himprossion  than  it  is  in  tension.  It  was  probably  a  reoognitioR 
of  this  peculiarity  that  led  to  the  practice  of  putting  steel  in  concrete  to  assist  thtt 
element  of  strength  which  the  concrete  lacks.     In  Europe,  especially,    where  its  V9i 
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has  become  general,  it  has  been  endorsed  by  the  most  eminent  engineers.  In  America 
it  is  finding  new  uses  monthly,  and  the  increasing  cost  of  wood  will  tend  to  render 
it  more  popular  in  the  future  than  it  is  even  in  the  present  day. 

Regarding  concrete  steel,  The  Engineering  Magazine  in  a  recent  issue  had  thia 
to  say  editorially: 

"Among  the  many  advantages  of  concrete-steel  may  be  mentioned  cheapness  at 
compared  with  other  types  of  massive  construction,  lightness,  economy  of  space  on 
account  of  thinness  of  walls,  capacitj^  for  carrying  heavy  loads,  ready  adaptability  to 
any  desired  form,  speed  of  construction,  fire-proof  qualities  and  safety  on  a  very  poor 
foundation  material,  since  the  structure  hangs  together  as  a  whole  and  when  over- 
loaded does  not  collapse  suddenly,  but  tends  to  deform  gradually.  Thiere  are  two 
important  respects  in  which  steel  construction  gains  by  the  addition  of  concrete.  Theoe 
are  protection  against  rust,  and  protection  against  injury  by  fire.*' 

Ae-inforced  concrete  is  the  only  form  of  construction  that  is  really  permanent* 

It  is  not  susceptible  to  atmospheric  influences  like  stone  masonry,  and  when  properly 

built  it  will  not  crack  like  plain  concrete.    Such  cracks  lead  to  ultimate  deterioration 

due  to  the  action  of  water  and  frost. 

So  far  as  records  inform  us,  the  first  man  to  make  intelligent  application  of  steel 
in  concrete  was  W.  E.  Ward,  of  Port  Chester,  N.  Y.,  who  erected  in  1875  a  building 
in  which  "not  only  all  the  external  and  internal  walls,  cornices  and  towers,  were  con- 
structed of  b^ton,  but  all  the  beams  and  roofs  were  exclusively  made  of  the  same 
material  re-inforced  with  light  iron  beams  and  rods.''  Probably  the  first  approximately 
correct  formulae  giving  the  strength  of  steel  and  concrete  in  combination  were 
derived  by  Julius  Mandel  in  Germany,  and  by  the  late  Professor  J.  B.  Johnson  in 
America,  about  the  same  time. 

The  indefatigable  investigator,  Consid^re  of  Paris,  during  the  eighties  made  a 
series  of  very  valuable  contributions  to  the  literature  of  the  subject.  The  conclusions 
f.t  which  he  arrived  may  be  briefly  summarized  as  follows: 

1.  In  armed  concrete  beams,  the  concrete  on  the  tension  side  will  submit  without 
rupture  to  a  proportionate  distortion  of  from  ten  to  twenty  times  that  at  which  It 
would  fail  in  an  unarmed  direct  tension  test.  It  will  also  have  during  the  additional 
(•eriod  of  distortion  a  strength  nearly  equal  to  its  maximum  strength  in  direct  tension. 

3.  Several  interior  stresses  are  introduced  in  armed  concrete  constructions,  where 
tich  concrete  mixtures  are  used  owing  to  the  shrinkage  of  the  latter  during  the  first 
eighteen  months  if  exposed  to  the  air,  or  a  corresponding  swelling  during  this  period 
if  in  submarine  work. 

3.  These  interior  stresses  are  to  a  considerable  extent  relieved  by  the  slipping  of 
the  bars  or  rods  in  the  concrete,  as  to  which  action  tests  leave  no  room  for  doubt. 
The  stress  is  also  relieved  in  time  if  cracks  are  not  previously  developed  by  what  has 
been  called  the  tendency  of  the  concrete  to  eventually  yield  somewhat  to  a  soliciting 
force. 

The  slipping  of  rods  in  concrete  in  which  they  are  imbedded  undoubtedly  occurs 
through  the  weakening  of  the  adhesion  between  the  metal  and  its  surrounding 
medium,  which  is  very  great  at  first.  This  weakening  is  accelerated  by  vibration  ani 
shock  to  which  more  or  less,  all  structures  are  subjected. 

Re-inforced  Concrete  Beams 

Last  year,  a  series  of  tests  on  re-inforced  concrete  beams  was  carried  on  at  the 

Experiment   Station    at    the    University   of    Illinois.         A  summary  of  the  conclusions 

rt-ached  may  be  of  interest. 

"In  beams  with  the  metal  re-inforcement  small  enough  in  amount  not  to  develop 
the  full  compressive  strength  of  the  concrete,  the  maximum  load  is  reached  or  nearly 
reached  when  the  metal  is  stretched  to  its  yield  point,  and  in  calculating  the  resisting 
moment,  the  tensional  value  of  the  concrete  is  Here  negligible  and  the  load  at  the 
yield  point  of  the  metal  may  well  be  considered  the  full  strength  of  the  beam. 
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So  far  as  strength  of  the  beam  b  concerned,  the  load  when  the  steel  is  stressed 
to  its  elastic  limit  seems  the  prcper  basis  for  the  factor  of  safety  and  working  losd. 
80  far  as  strength  of  the  beam  is  oonoemed,  steel  hariii^  a  high  elastic  limit^  is  advan- 
tageous, it  being  assumed  that  there  is  sufficient  prorision  against  tha  slipping  of  the 
rods  and  shearing  failures. 

''The  determination  of  the  limit  of  re-inforcement  which  maj  properly  be  used 
with  diff«'ent  mixtures  and  grades  of  concrete  may  beii  be  decided  by  experiments  on 
beams  made  to  determine  this.  For  the  1:3:6  concrete  used,  re-inforoement  as  high 
as  li  per  cent,  for  the  steel  of  33,000  lb.  pr  square  inch  elastic  limit,  and  1  per  cent. 
for  sted  of  55,000  lb.  per  square  inch  elastic  limit  may  be  used  without  developing  th* 
full  compressive  strength  of  the  concrete. 

'*There  was  no  marked  difference  in  results  found  for  the  different  forms  of  re-in- 
forcing  bars  used." 

Systems  of  Re-inforcement 

Re-inforced  concrete  has  found  uses  whose  name  is  legion,  and  has  led  to  the 
evolution  of  numerous  so-called  "systems"  of  re-inforoement.  It  is  regularly  employed 
in  the  construction  of  beams  and  girders,  floors  and  walls,  columns,  bridge  arches, 
piles,  reservoirs,  chimneys,  lighthouses,  sewers,  dams,  railway  ties,  fence  posts  and 
a  number  of  other  purposes  too  numerous  to  mention  in  detail.  Most  of  the  so-called 
systems  have  features  peculiar  to  themselves,  and  many  of  these  are  undoubtedly 
meritorious.  There  is  always  this,  however,  that  with  careless  workmanship  or  lack 
of  intelligent  and  careful  supervision,  the  best  features  of  any  method  may  be  com- 
pletely nullified.  A  good  system  combined  with  care  and  intelligence  in  the  application 
of  correct  methods  will  give  good  results. 


Johnson  Corrugated  Bar. 


Ran*"»ine  Twisted  Bar. 


Thaoher  KolU»d  liar.       i  **  Reinforced  Concrete"  p.  335. ) 

Thaddeus  Hyatt  of  England  investigated  the  subject  of  steel  and  concrete  in 
combination  as  early  as  1876,  and  the  system  that  still  bears  his  name  consists  of  a 
series  of  perforated  bars,  through  the  perforations  of  which  pass  wires  or  rods.  Tho 
whole  forms  a  network  of  rectangular  meshes.  It  was  adapted  to  such  purposes  as 
floor  construction. 

Monior  of  France  attempted  the  strengthening  of  concrete  by  steel  about  the 
same  time.  The  Monier  system,  like  the  Hyatt,  is  a  network  of  two  series  of  parallel 
steol  or  iron  rods  which  intersect  at  right  angles.  Each  junction  is  secured  by  s 
wire.  The  rods  are  distinguished  as  "carrying"  and  as  "distributing,"  according 
to  the  purpose  they  servo.    The  mesh  is  from  two  to  four  inches  to  a  tide. 

llansomo  employed  cold-twisted  square  rods  imbedded  near  the  lower  surface  of 
his  beams  and  floor  slabs.  The  cold  twisting  raises  the  tensUe  strength  and  elastio 
limit  of  the  metal,  and  the  value  of  this  is  pretty  generally  recognised. 
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The  Bonnft  system  is  applied  chiefly  to  the  oonitruotion  of  pipe*.  The  steel 
MdioiiB  are  croaa-Bh«ped,  and  encircle  the  pipe  or  sewer  spirally  or  in  rings.  Thera 
sr«  other  simiUrly  shaped  rods  interKcting  these  and  lying  parallel  to  the  axis  of 
rhe  pipe  line.     Concrete  completely  conceals  the  steel. 


<I-|,LIM' 


The  Roebting  system  consists  of  a  woven  net  of  wire  stiffened  at  intervals  with 
Pif'llel  Bt«et  rods.  Webs  of  this  net  are  sprung  in  between  floor  beams  or  girders,  and 
00  this  th«  concrete  is  deposited.  For  ceilings,  webs  of  similar  netting  may  be  aui- 
E>eiided  from  the  lower  Sanges  of  the  floor  beams,  the  plaster  being  applied  therato 

Expanded  meta!  has  acquired  a  good  and  growing  patronage.  It  is  a  netting  oi 
diiinond-shaped  meshes,  which  by  powerful  shearing  machines  is  cut  direct  from  the 
"■eb  of  sheet  metal.  For  floor  construction  especially  it  has  been  very  favorably 
'^^T«d,    Temporary  wooden  forms  to  support  tbe  floor  have  to  be  put  in  place.    On 
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tluM  expanded  metAl  is  firsE  laid,  and  then  the  concrete  spread.  To  imbed  tbe  steel 
perfectly,  the  web  of  metal  is  lifted  slightly  with  hooks,  allowing  the  concrete  to  paa 
Wow  and  around  the  steel.  The  whole  is  thoroughly  rammed,  and  after  a  suitable 
time,  the  forms  are  removed.  Expanded  metal  is  also  recommended  for  strengthening 
Muiarvte  water  towera,  sewers,  and  for  thin  partitions  in  dwellingB  and  buildings 
poerally.  The  studding  in  the  latter  case  is  usually  a  series  of  upright  inch  or  inch- 
and-a-qnarter  channels. 
1211. 
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The  Melau  syBtem  u  ad&pted  principikUy  for  arch  coiutmctioii  Arched  I  beun 
at  btult  np  plate  girderi  are  constructed  of  a  span  anffioent  to  reach  from  abntnuat 
to  abutment  These  are  spaced  aboat  two  feet  centres    and   the  space  between  ud 

■round  them  is  filled  with  concrete. 


Tho  fpattiro  of  (ho  Henncbitjue  system  is  tho  use  of  the  metal  stirrup  to  naJi 
the  teutleiK-y  (o  failiirp  by  ohliq.io  shear  at  the  ends  of  the  beuu.  These  beams  Ut 
reinforcwl  by  imb,-,ld,.d  rwls  plai-«l  nosr  tho  lowor  face,  and  at  timw  by  others  ne«i 
the  upp.'r  face,  tu  give  riRidity  and  amirt  in  resistine  compreadT*  strvnes  Tki 
stirrups  are  of  U-nnth  Klichlly  I«w  than  tho  height  of  tho  bMma,  and  carry  tk 
ISnH. 
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lion  rods  in  their  b«ndB,  the  Arch  of  the  stirmp  being  downw&rd.  The;  are  tpMeJ 
e  closely  toward  the  ends,  &nd  are  abaeat  altogether  at  the  middle  section  of  tite 
n.  Usnally  s«ne  of  the  tension  rods  are  bent  upward  at  the  two  ends,  the  object 
ig  to  aeaist  the  TT-Bhaped  memberH  in  preventing  end  failure.  The  ayatem  lends 
If  admirably  to  the  construction  of  eidiirana.  It  has  been  very  extensively  uied 
the  continent. 


i-io'-A 


The  Kahn  Bysteca  makes  use  of  a  "trussed  bar"  of  steel  with  "fins"  inclined  out- 
JS   and  upwards   at  45°   at  both  euda.      Its  merit  seema  to   be  that   where  tension 


ewpective  view  ufgeiiural  adaiitatiuii  of  itie  Kahn  sysii-ui      TriKwd  I'liucrete  SUJtl  Co, 
a  ii  required,  there  ii  a  maximum  of  metal  available,  and  that  to  resist  end-shear, 
lue  m^nbers  more  or  leas  at  right  angles  to  the  line  of  probable  failure  are  pn>- 
d.    It  is  specially  adapted  for  floors,  columns  and  beams. 

Tba  Cnmmi&gs  system  is  analogous  to  that  of  Kahn.     Here,  however,  round  rotit 
ests  of  parallelograms  are  used,  the  ends  of  each  being  bent  upwards,  as  are  the 
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fcna  on  the  Kahn  bar.    The  extra  number  of  pieces  required  renders  the  placing  of  the 
metal  somewhat  more  complicated  than  where  a  single  bar  is  employed. 


\\\ 


C'luiiininirs   Batv. 

The  De  Marr  system  makes  use  of  flat  steel  bars  having  quarter  turns  alternately 
right  and  left  every  two  inches  or  thereabouts,  according  to  size.  These  bars  connect 
from  top  to  top  of  I  beams,  and  in  this  way  support  the  floor.  It  is  frequently  employed 
with  a  specially  constructed  tile  or  concrete  floor  block,  which  is  used  to  build  in 
between  girder  and  girder. 

In  an  article  written  for  the  Journal  of  the  Royal  Institute  of  British  Architects. 
Mr.  Frank  Cawes  gives  the  following  rules  for  the  construction  of  floors.  No  doubt  it 
represents  good  English  practice. 

1.  Obtain  grood  cement. 

2.  Use  freed  broken  briok  agrirregrate  and  not  aand;  body  concrete  to  be  of  one  part  oe- 
Bent  and  four  parts  brick  and  the  aarface  to  be  one  part  cement  and  three  parts  omshed 
Cimnite. 

3.  Use  as  a  precaation  "sheep-wire  netting"  as  a  base,  and  steel  bars  of  1}  pounds  per 
foot  in  weiffht  spaced  three  feet  apart. 

4.  Consider  a  slab  10  feet  square  by  4  inches  thick  capable  of  bearing  900  ponnds  per 
foot  including  its  own  weight,  and  reckon  for  every  slab,  more  or  lew  than  900  ponnds  per 
foot  directly  in  proportion  to  the  square  of  the  thickness  and  inversely  as  the  cube  of  the  span. 
When  the  span  is  rectangular,  the  minimum  span  is  taken. 

5.  Avoid  casting  slabs  in  frosty  weather. 

6.  Cast  large  areas  at  once:  have  no  partially  cast  slab  over  night. 

7.  Insist  on  strong  centering.     Leave  it  np  at  least  five  weeks. 

SPECIFICATIONS   FOR  CONCRETE 

The  following  specifications  for  Portland  cement  concrete  are  recommended  by 
a  committee  of  the  .American  Railway  Engineering  and  Maintenance  of  Way  Associa- 
tion : 

Cement :  Cement  shall  he  Portland,  either  .American  or  foreign,  which  will  meet 
the   requirements  of   the    standard  specifications. 

Sand:  Sand  shall  be  clean,  sharp  and  coarse,  but  preferably  of  grains  yaryitig 
in  j^ize.      It   ^hall  ho  free  from  clay,  loam,  sticks  and  other  impurities. 

Stone:  Stone  <hall  he  sound,  hard  and  durable,  crushed  t-o  sizes  not  exceeding 
two  inches  in   any   direction,  and  freed  from  dust  by  screening. 

(irnvcl  :  Gravel  shall  he  composed  of  clean  pebbles  of  hard  and  durable  stone,  of 
dbes  not  oxccctUiiii  two  inches  in  dianietor.  free  from  clay  and  other  impurities  except 
^iand.  When  containing  sand  in  any  considerable  quantity,  the  amount  per  unit  of  Tolume 
of  gravel  shall  he  determined  accurately  to  admit  of  the  proper  proportion  of  sand 
being  maintained   in   the  concrete  mixture. 

Water:  Water  shall  he  clean  and  reajjonably  clear,  free  from  sulphuric  acid  or 
strong   alkalies. 

Mixing  hy  Hand:  \\)  Tight  platforms  shall  Ih>  provided  of  sufficient  size  to  accom- 
modate men  auti  materials  for  the  progressive  and  rapid  mixing  of  at  least  two  batches 
of  concrete  at  the  same  time.  Batches  shall  not  exceed  one  cubic  yard  each  and  smaller 
hati^ht^  are  preferable,   hastnl  upon  a  multiple  of  the  number  of  sacks  to  the  barrel. 

Ci)  The  sand  shall  he  spread  evenly  upon  the  platform,  then  the  cement  upon  thr* 
sand,  and  all  mixiHl  thoroughly  until  of  a  uniform  color.  The  water  necessary  to  make 
a  thin  mortar  shall  he  addeil.  and  the  whole  spread  again.  The  gravel,  if  nsed  shall 
then  Iw  added,  and  finally  the  broken  stone,  both  of  which,  if  dry/  shall  be  first 
thoroughly   wett«Ml   down.     The  mana  shall   then   l»e  turned  with  shoTels  or   hoes  until 
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thoroughly  mixed  and  all  gravel  and  stone  are  covered  with  mortar.  This  will  prob- 
ably require  four  turnings. 

(3)  Another  approved  method  which  may  be  permitted  at  the  option  of  the  en- 
gineer in  charge  is  to  spread  the  sand,  then  the  cement,  then  the  gravel  or  broken 
stone.     Add  water  and  mix  thoroughly  as  above. 

Mixing  by  Machine:  A  machine  mixer  shall  be  used  whenever  the  volume  of  work 
will  justify  the  expense  of  installing  the  plant.  The  necessary  requirements  for  the 
machine  will  be  that  a  precise  and  regular  proportioning  of  materials  can  be  controlled, 
and  the  product  delivered  shall  be  of  the  required  consistency  and  thoroughly  mixed. 

Consistency :  The  concrete  shall  be  of  su^h  consistency  that  when  dumped  in  piftoe 
it  will  not  require  much  tamping.  It  shall  be  spaded  down  and  tamped  sufficiently 
to  level  ofip,  and  will  then  quake  freely  like  jelly. 

Course:  (1)  Each  course  shall  be  left  somewhat  rough  to  insure  bonding  with  tliA 
cext  course  above,  and  if  it  be  readily  set,  shall  be  thoroughly  cleaned  and  dampened 
before  the  next  course  is  placed  upon  it.  The  plane  of  courses  shall  be  as  nearly  ea 
possible  at  right  angles  to  the  lino  of  pressure. 

(2)  An  uncompleted  course  shall  be  left  with  a  vertical  joint  where  the  work  ii 
stopped. 

(3)  The  work  shall  be  carried  up  in  sections  of  convenient  length  and  con^pleted 
without  intermission. 

Expansion  Joints :  (1)  In  exposed  work  expansion  joints  shall  be  provided  at 
intervals  of  thirty  to  fifty  feet.  A  temporary  vertical  form  or  partition  of  plank 
shall  be  set  up  and  the  section  behind  completed  as  though  it  were  the  end  of  the 
structu  re.  The  partition  will  be  removed  when  the  next  section  is  begun  and  the 
new  concrete  placed  against  the  old  without  mortar  flushing.  Locks  shall  be  provided 
if  directed  or  called  for  by  the  plans. 

(2>  In  re-inforced  or  steel  concrete  the  length  of  these  sections  may  be  materially 
increased  at  the  option   of  the  engineer. 

Time:  Concrete  shall  bo  plaoed  immediately  after  mixing,  and  any  having  \n 
initial  set  shall  be  rejected. 

J'acing :  About  one  inch  of  mortar  of  the  same  proportions  as  used  in  the  concrete 
may  be  placed  next  to  the  forms  immediately  in  advance  of  the  concrete,  or  a  shovel 
facing  made,   at  the  option   of  the  engineer  in   charge. 

Forms:  (1)  Forms  shall  be  substantial  and  unyielding,  properly  braced  or  tied 
tiogether  by  means  of  wire  or  rods. 

(2)  The  material  used  shall  be  dressed  lumber  secured  to  the  studding  or  uprights 
in  horizontal  lines. 

(3)  Planking  once   used   in   forms  shall  be  cleaned  before  being  again  used. 

(4)  The  forms  must  not  be  removed  within  forty-eight  hours  after  all  the  concrete 
ia  that   section   has   been   placed.       In  freezing  weather   they  must    remain    until  the 

•^onerete  has  had  a  sufficient  time  to  become  thoroughly  set. 

(o)  In  dry  but  not  freezing  weather,  the  forms  shall  be  drenched  with  water  before 
*~he  concrete  is  placed  against  them. 

(6)  For  backings,  undressed  lumber  may  be  used  for  forms. 

Finishing:    (1)  After  the  forms  are  removed  any  small  cavities  or  openings  in  the 

Concrete  shall  be  neatly  filled  with  mortar  if  necessary.       Any  ridges  due  to  cracks  or 

joints  in  the  lumber  shall  bo  rubbed  down.     The  entire  face  shall  then  be  washed  with 

%  thin  grout  of  the  consistency  of  whitewash,  mixed   in  the  proportion   of  one  part 

cement  to  two  ports  of  sand.     The  wash  shall  be  applied  with  a  brush. 

(2)  The  tops  of  bridge  seats,  pedestals,  copings,  wing  walls,  etc.,  when  not  finished 
with  natural  stone  coping,  shall  be  finished  with  a  smooth  surface  composed  of  one  part 
cement  to  two  parts  of  sand.       The  wash  shall  be  applied  with  a  brush. 

1  to  li  inches  thick.     This  must  be  put  in  place  with  the  last  course  of  concrete. 

(3)  In  arch  tops,  a  thin  coat  of  mortar  or  grout  shall  be  applied  over  the  top  te 
thoroaghly  seal  the  pores. 
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TE5TS  OF  ONTARIO  CEMENT 

Following  are  the  results  of  some  experiments  made  with  Ontario,  cements.  T 
may  be  explained  that  samples  of  the  various  brands  experimented  with  were  eithei 
procured  by  the  writer  personally  at  the  works,  or  were  taken  by  him  from  origin 
packages  offered  for  sale  by  dealers  in  the  open  market,  the  packages  bearing  th 
maker's  name  and  brand.  Due  care  was  exercised  in  every  instance  to  get  a  fai 
sample  of  ordinary  product.  The  experiments  were  made  by  the  writer  in  t 
laboratory  of  the  School  of  Practical  Science,  Toronto. 


Brand 


Portland : 

Monarch   

8nii 

National 

St^ir   

SaniMtn 

Imperial 

Hi*rt'ulei« 

SaiiKTcen 

Giant  

Ndtiiral  Rock  : 

S<"hwcndinian'j*.. 

Battltf'.- 

Ontario  LimeTo'.s 

Usher's 


Sieve  Test 

Residue  on  .lO-moHh  i>ieve. 

Reridue  on 

]0e-me>hseive. 

Per  rent . 
0.1 

Pe 

1 

rcent. 
5.7 

u.o 

1  9 

0.1 

1.7 

trace. 

3.9 

0.0 

3.5 

trace. 

5.4 

trace.  ■ 

5.2 

0.1 

2.9 

0.4 

9.0 

2.3 

12  9 

7.2 

19.5 

6.1 
7.6 

15.7 
18.9 

Hot  Test 

Pats  were  G  hours  in  warm  moist  air,  and  18  hours  in  water  at  120^  F. 


Brand. 


Rbmaekb. 


Portland: — 

Monarch    Satisfactory. 

Sun    Satisfactory. 

National Satisfactory. 

Star    Satisfactory. 

Samson    Satisfactory. 

Imperial Pat    separated    from    glaM. 

Hercules    Satisfactory. 

Saugeeu    Satisfactory. 

Oiant    ....     Satisfactory. 

at'ir.i     ll'xk  :  — 

Schwendiman's Satisfactory. 

Hattlo'a        . .     Satisfactory. 

r»nt.    T.ime  Co.'b  Disinte^ated   In  hot   bath. 

Usher's    Pat  slightly  curled  up  at  edges. 


■ 


Tensile  Stren^h 


Hr;ir.<l. 


:^  «lavs.       7  il>»vs.       'J>idiiv«. 


Remarks. 


lb. 

r»TTljin«l  : 

M«»nurvh Jy'^ 

Sun :ii:i 

Nntiuiiul !.=<> 

.Star 3<S 

^;inl*'•m o2i) 

lmi»TiKl 4«»ri 

!Un'ul«'> .^H 

."^aue'Tti    :{!>» 

<.;iHTU   AW 

Natuml  Hi  rk  : 

Sohwindininn'*- JSl 

Itattlr's ....  SO 

r.sluT- Si.» 


\h. 


lb. 


4_»:i 

3iVJ 

4S3 

79s 

*^43 

7\? 

.V.i:-> 

.M»5 

4.V* 

<UK 

TJO 

y<Xi 

t'.4H 

910 

4-23 

4^^ 

oftl 

fUS 

M 

n.'> 

95 

Kis 

IW 

U13 

Cement  Industry  of  Ontario 


Tensile  Streng^t 

til- 

28 

—Mortar  Test 

Brand. 

!    7  Days. 

Days. 

Remarks. 

Portland.  3  to  1 : 

Monarch 

128 

298 

Sod 

Ifi8 

yOts 

National 

250 

285 

8Ur 

178 

293 

Sauiaon 

128 

210 

Imperial 

163 

2m 

Hercules. 

••■        ••••«••                  *vo 

270 

Saugeen  

148 

225 

• 

Giant 

150 

250 

Natural  rock,  1  to  1 : 

1 

Bchwendiman'a. . . . 

48 

180 

Battle's 

73 

133 

Usher'8 

28 

1 

125 

1 

unples  of  marl,  limestone  and  clay,  believed  to  be  representative  of  the  raw 
ials  used  or  proposed  to  be  used  by  the  various  companies  mentioned  in  thit 
),  were  collected  by  the  writer  when  visiting  the  plants.  These  were  sent  for 
sis  to  Mr.  A.  G.  Burrows,  B.A.,  Sc,  Provincial  Assayer,  Belleville,  whose  reports 
>n  are  appended. 

Analyses  of  Marls  and  Limestones 


Name 


Si  Go.  iFe.^  O3  Al.,  O,  iCaCOs 

Per         Per         Per         Per    i 

rent.       cent.       cent.   I   cent.   ' 


^^'»    I     Per 


Per 
cent 


,     Per 
cent.      cent. 


PORTLAND : 

Hanover  Portland  Cement  Co.  .58 
Grev  &  Bruce  Portland  Crimen  1 

Co I  2.00 

Colonial  Portland  Cement  Co..  .59 

Lakefield  Portland  Cement  Co.;  .52 

Sun  Portland  Cement  Co ,  1 .38 

Imperial  Portland  Cement  Co.!  1  ju\ 

Belleville  Portland  Cement  Co.  4.12 

Ontario  Portland  Cement  Co.  :  ,'M) 
International  Portland  Cement 

Co 1.12 

Canadian  Portland  Cement  Co. ,  .'.^2 

National  Portlnnd  Cement  Co. :  .74 
Owen  Sound  Portland  Cement 

Co l.()6 

Superior  Portland  Cement  Co.  .2r> 

NATURAL  ROCK  : 

Toronto  Lime  Co 7.04 

Isaac  Usher 17. 'J9 

F.  Schwcndiman 10  08 


I 


.57    1  92.00 

.50           .84  :  84.91 

.M  I ,  87.39 

.16    1  93.43 

1.30    •  H7.51 

.«3           .27  I  X7.87 

.50  ,         .93  92.29 

,47  ' 91  .(i9 

.38            .22  97.61 

.18    y«.6I 

42  89.37 

.82  =          .20  I  93.26 
36  =  92.08 


4.74  .52  :      1.66 


2.89 
2.96 

.60 
2.97 
12 

42 


1.51 
2.36 
1.77 


4 

1 
2.24 

.51 

.98 

3.33 

2.20 
3.27 


2.31  48.27  40.36 
1.J3  I  49.39  ,  29.46 
3  31   1     46.18  !     37.77 


1.21 

6.60 

.79 

8.23 

.51 

4.07 

1.06 

4.83 

.72 

5.69 

.40 

■  •  -       •  •  • 

.41 

2.22 

.44 

.20 

.64 

3.19 

.60 

5.65 

.51 

2.41 

.55 

3.67 

.43 

1.64 

1.40 

Analyses  of  Clays 


Name. 


Si  Go  Fe.^G»  AI2  O3  CaG 

Per         Per    ,     Per         Per 

cent.      cent.  1   cent.  |    cent. 


Hanover  Portland  Cement  Co. . .  •  46.47 
Orev  and  Bruce  Portland  Cement 

Co :  37.50 

Colonial    Portland  Cement  Co. 

(■hale) 44.64 

Lakefield  Portland  Cemen  t  Co . .  |  39 .  58 

Sun  Portland  Cement  Co ;W.2l 

] mperial  Portland  Cemen  t  Co . . .  42 .  26 

Belleville  Portland  Cement  Co. .  51 .98 

Ontario  Portland  Cement  Co. . . .  51 .72 
International  Portland  (.'ementi 

Co  55  92 

Canadian  Portland  Cement  Co! '.'.  51 . 30 

NaUonal  Portland  Cement  Co . . . '  6(') .  46 
Owen  Sound  Portland   Cemtrnt: 

Qq^             ^   ,           ,  ^  ^  51  04 

Saperior  Portland  '( ieirien t  Co ! '. . ;  44 .  62 

Colonial  Portland  Cement  Co ...  i  4 1 .94 


6.97   18.91 


5.r,5 


4 

3. 


.02 
.87 
4.66 
8.94 
5.66 

8.72 
5.55 
4.25 

4.78 
3.54 
3.90 


17.27 
11.26 
13  93 
12.30 
20.00 
14.11 

18.98 
14.25 
16.07 

11.80 
10.78 
10.40 


7.05 


4.79       12.45       19.30 


9.92 
19.86 
21.02 
16.08 

1.62 
10.59 

3.r>4 

7.28 
1.42 

7.32 
17.28 
12.13 


MeG 

Per 

cent. 


3.97 

2.96  ; 

4.86 
2.74 
2.42 
3.32 
3  33 
3.03 

4.48 
5.31 
1.85 

5.85 
2.70 
6.72 


SG,    |IX)S8. 


Per 
cent. 


Per 
cent. 


.26  ' 

.16 

1.69 
.70 
.24 
.12 
.20 
.67 

.24  I 
1.23  I 

.23  . 

j 

2.40 
.23  !. 
.%  1 


11.91 

19.06 

13.90 
18.36 
20.36 
18.16 
8.81 
12.14 

3.58 

11.90 

5.82 

14.12 

'i2!47* 
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chains  As  far  as  Couchiching  falls  the  river  is  quite  alogsiah;  tUan  follow  2  miUi 
of  qriet  river  to  the  first  rapid  in  lot  1,  Knox  townahipy  where  the  fall  is  leat  this 
2  toet. 

From  this  point  to  the  next  rapid  On  the  east  side  of  lot  4  in  Richard,  where  thd 
fall  is  4  feet,  and  from  Ubre  again  to  lot  6  in  the  same  township,  where  there  is  a 
rapid  with  a  fall  of  3  feet,  the  river  flows  with  an  even  current.  These  rapids  may 
sU  be  safely  run  on  the  left.  For  ascending  there  are  portages  on  the  aame  hank, 
while  in  addition  there  is  an  island  portage  of  8  chains  at  the  second  rapids  mentioned. 
This  is  the  better  one  to  use  when  the  current  permits  reacUing  the  island.  In  the 
western  half  of  Richard  are  several  rapids  with  a  fall  of  1  foot  each,  joined  by 
stretches  of  swift  water.  These  may  be  run  with  ease,  and  ascended  without  muoh 
difficulty.  This  is  the  only  stretch  of  swift  water  in  the  upper  portion  of  the  Abitibi. 
Between  this  point  and  the  Long  Sault  rapids,  the  sole  obstructions  to  navigation 
are  the  rapids  at  the  two  portages  and  Iroquois  faUs,  at  each  of  which  regular  portages 
are  provided  on  the  left  bank.  The  Buck  Deer  rapids,  in  concession  VI  of  Aurora 
township,  may  be  run  with  care,  the  only  danger  being  from  boulders  in  low  water; 
and  ascended  by  poling,  or  by  making  one  or  two  lifts  at  the  swiftest  pcints. 

Frederick  House  River 

From  the  lower  end  of  Frederick  House  lake  the  river  of  the  same  name  flows^ 
i^ith  an  average  width  of  about  3  chains,  through  the  central  part  of  the  region,  in 
a  general  direction  parallel  to  that  of  the  Abitibi  below  the  great  bend.  The  country 
to  the  north  of  Frederick  House  lake  is  at  an  elevation  of  only  a  few  feet  above  tlut 
of  the  lake;  and  along  the  Frederick  House  river  generally  the  banks  have  only  about 
half  the  height  of  those  along  the  Abitibi.  They  are  highest  below  the  falls  in  tha 
ftrst  concession  of  Mann,  below  the  three  rapids  in  the  fifth  concession  of  the  same 
township,  and  below  Neelands  rapids,  at  which  points  they  have  a  height  of  about 
50  feet.  At  most  intermediate  points  the  banks  have  a  height  of  about  SO  feet  only. 
As  on  the  Abititbi,  the  intermediate  stretches  are  of  quiet  river,  with  a  very  moder- 
ate current. 

The  Mattagami 

On  the  west  of  the  area  explored,  the  Mattagami  river  takes  a  westerly  course 

for  6  miles  from  the  great  bend,  just  west  of  the  township  of  Tisdale,  in  the  district 
of  Algoma,  then  bends  again  to  the  north  and  flows  in  a  direction  nearly  parallel  to 
that  of  the  other  rivers  of  the  region.  In  the  last  mile  of  this  western  stretch  of  the 
rivor  aro  throe  rapids,  the  portages  past  which  are  known  as  the  Sandy  portages. 
Above  these  portages,  the  banks  are  low  and  the  current  moderate;  while  below  the 
current  is,  if  anything,  less  swift  between  banks  of  a  height  of  from  50  to  60  feet. 
The  Mattati.imi  is  hero  a  beautifully  clear  river,  with  an  average  width  of  3  to  4  chains. 

In  addition  to  these— the  principal— rivers  of  the  region,  a  large  tributary  of  the 
Frederick  House  river,  which  has  not  been  noted  by  previous  explorers,  deserves  men- 
tion. In  its  upper  part,  this  river  has  two  main  branches;  the  western  of  which 
flowR,  from  the  large  muskeg  area  in  the  townships  of  Wark  and  Gowan,  as  a  creek 
with  a  width  of  20  feet ;  and  the  eastern  of  which  has  its  origin  near  the  southeast 
corner  of  the  township  of  Tully.  After  flowing  in  a  northwesf  direction  for  about  12 
miles,  tlie  first  tl{»ws  in  a  northerly  direction  for  about  4  miles  with  a  width  of 
50  to  60  feet,  when  it  is  joined  by  the  eastern  branch,  which  here  Las  a  width  of  some 
80  feet.  About  five  miles  from  the  junction  of  these  creeks  Hie  river  is  joined  U? 
another  stream  trom  the  east,  of  about  the  same  size  as  the  smaller  of  the  two. 
From  the  junction  of  the  two  branches,  the  river  flows  in  a  northerly  course,  and 
where  next  crossed  about  7  miles  farther  north,  it  has  a  width  of  two  chains  and  a 
depth  of  8  feot.  It  crosses  Patten's  second  base  line  at  4  m.  24  c.  with  the  saihe 
width   and   joins    the    Frodoriok    House   probably    10    or   12    miles    farther   down.     The 
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creeks,  which  drain  the  greater  part  of  the  township  between  Patten's  meridian  and 

the  district  line,  have  banks  with  a  height  of  about  10  feet,  and  the  river  below  the 
JTinciion  has  banks  about  20  feet  high. 

Lalces  and  Ridges 

With  the  exception  of  Frederick  House  lake  which  is  in  the  area  reported  upon 

lilt  year,  and  lake  Abitibi,  which  forms  the  eastern  boundary  of  the  area,  none  of 

fhe  lakes  are  of  sufficient  size  to  form  marked  physical  features.     For  the  most  part 

they  are  less  than  a  mile    in    length    and    fill    kettle    holes    or    other  depressions  in 

glacial  accumulations.     Starting  near  the  west  bay  of  Frederick   House  lake  in  the 

toirnahip  of  Evelyn,  the  most  important  ridge  of  glacial  material  extends  for  about 

K  miles  in  a  direction  roughly  parallel  to  and  at  a  distance  of  2  to  4  miles  from  the 

nVer.    In  the  southern  part  the  ridge  is  of  sand,  wooded  with  jack-pine  and  of  con- 

iiderable  width.       It    narrows    in    the    township    of    Little,   and    from    Beaver  lakes 

Qoar  the  northwest  corner  of  the  township  for    about  5  miles  it  is  composed  largely 

of  boulder  clay.      A  break    of  3  or   4    miles    occurs    about    Patten's    correction  line, 

^^r  which  the  ridge  can  be  traced  to  his  second  base  line.     In  this  part  it  has  a 

^dtb  of  about  half  a  mile,  with  a  chain  of  small  narrow  lakes  and  peat  bogs  occupy- 

• 

log  a  depression  within  the  ridge.  The  greater  part  consists  of  sand ;  the  depressions 
■^  by  masses  of  ice  which  became  covered  and  melted  after  the  body  of  the  ice  had 
i^reated,  show  in  places  a  depth  of  60  feet  of  that  material. 

At  about  the  same  distance  east  of  the  Frederick  House  river  a  similar  ridge,  oon- 

listiiig  mostly  of  boulder  clay,  extends  from  Speight's  base  line  for  about  10  miles  in 

•  southerly   direction.     In   the  north  central  part  of  the  first  township  east  of  the 

district  line  and  south  of  the  base  line  there  are  several  lakes ;  none  however  exceed  «i 

^^U  mile  in  length.    In  the  township  south  of  the  one  just  mentioned  are  several  lakes 

^liQ    last  one  being  over  one  mile  long,  but  very  narrow. 

In  the  northwestern  part  of  Calvert  township,  and  extending  some  distance  into 
^cOart  is  a  sand  area,  at  least  2  miles  wide,  with  a  number  of  lakes  whose  longest 
*^^e  are  in  a  direction  east  of  north  and  west  of  south.  Corresponding  to  this 
^ix'oction  the  only  glacial  striae  noted  had  a  direction  S.  5S  W. 

The  second  largest  ridge  of  glacial  material  crosses  the  Abitibi  river  in  the  north- 

^^t  corner  of  the  township  of  Teefy.     It  extends  in  a  direction   parallel  to  the  two 

'^^^^es  mentioned,  as  far  south  as  the  south  townline  of  Rickard,  but  only  for  a  dis- 

^^xxce  of  about  2  miles  north  of  the  river.     On  the  latter  side  of  the  river  there  are 

^^^o  lakes,  the  largest  of  which  is  about  60  chains  in  length,  of  beautifully  clear  water. 

^    S^rtage  leads  from  the  river  along  the  gravel  ridge  to  these  lakes,  which  judging 

^^     its  appearance  is  much  used  by  the  Indians  during  the  hunting  season.       South  of 

^^  river  are  several  small  lakes,  from  the  more  northerly  of  which  a  creek  has  cut 

*^*"oiigh  sand  to  a  depth  of  60  to  80  feet,  and  reached  the  underlying  clay. 

The  largest  muskeg  area  crosses  the  northern  halves  of  the  townships  of  Wark 
Gowan.  The  only  others  which  exceed  two  miles  in  greatest  length  lie  in  the 
^^^^  central  part  of  Newmarket,  the  east  central  part  of  Edwards,  and  the  south 
^^^tral  part  of  Moody  township. 

II,     THE  REGION  IN  DETAIL 

5|>eight's  Meridian  to  Mattagami  River 

The  meridian  line  was  reached  by  ascending  a  creek  about  30  feet  in  width,  which 

^•^ters  the  Mattagami  river  from  the  north,  at  the  westerly  bend  of  the  river.     This 

^*^k  flows  out  of  the  township    of    Murphy,  crossing    the    line  at  7  m  60  c,  with  a 

^idth  of  16  feet.    After  ascending  the  creek  for  some  3  miles,  the  line  was  reached 


\ 
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at  6  m.  60  c,  by  travelling  in  an  easterly  direction  across  flat  clay  land  wooded  mostly 
^ith  spruce.  To  the  west  of  the  creek  near  its  mouth  is  a  small  sand  area  oorerei 
with  jack-pine,  averaging  about  12  inches  in  diameter. 

Along  the  west  boundary  of  Murphy  the  country  is  very  level.  Though  apparently 
flat  and  somewhat  wet  at  this  season — June  10th — the  land  is  at  least  100  feet  above 
tho  Mattagaini  river,  as  indicated  by  several  aneroid  readings  taken  when  going  cot 
from,  and  returning  to,  the  river.  Miles  8  and  9  cross  flat  clay  land,  wooded  witk 
spruce  averaging  about  six  inches.  In  mile  10  the  clay  soil  is  covered  with  about  S 
feet  of  moss  and  mould,  and  the  spruce  is  rather  nnaller  in  size.  From  10  m.  40  c. 
to  11  m.  30  c.  tho  line  cresses  a  muskeg  with  a  depth  of  peat  of  at  least  7  feet.  At 
11  m.  55  c.  a  creek  6  feet  wide  flows  to  the  west,  and  this  half  mile  is  well  drained. 
For  at  least  10  c.  on  either  side  of  the  '^eek,  tho  timber  consists  of  fairly  large  ipnice 
and  poplar,  and  the  clay  soil  is  not  moss-covered. 

From  the  12-m.   post    on    Speight's    meridian,  a    trip     was    made  in  a  westerly 
direction  to  the  Mattagami   river,  which   was  reached  at   8  m.   50  c.       The   first  two     j 
miles  of  the  trip  cross  an  area  of  good  clay  land,  wooded  with  spruce  averaging  about 
(y  inches  on  the  low  ground,  and  with  larger  spruce,  poplar  and  balsam  on  the  knolli. 
At  1  m.  72  c.  the  creek  just  mentioned  was  crossed.     It  here  has  a  width  of  8  feet  an4 
flows  to  the  northwest.     For  some  distance  on  cither  side  of  our  course  from  2  m.  20  c. 
ro  2.  m.  55  c.  the  country  had  been  recently  burned.     This  was  the  only  lately  burne-j 
area  seen  during  the  summer,  and  was  of  small  extent.    At  the  latter  distance  a  creek 
16  feet  wide  was  encountered  also  flowing  northwest,  to  the  west  of  which  a  rather 
wet  clay  area  extended  for   65  c,    followed    by    56    c.    of   muskeg,    which    apparentW 
extends  a  considerable  distance  to  the  southwest.     From  4m.   16  c.  to  5  m.  20  c.  tb« 
clay  soil  is  covered  with  about  3  feet  of  moss  and  mould  and  timbered  with  spruce  not 
exceeding  5  inches  in  diameter,  except  for  a    few  chains  on  either  side  of  a  crock  1- 
feet  wide  flowing  northwest,  which  was  crossed  at  4  m.  64  c.     At  5  m,  20  c.  a  muskefl 
16  c.  wide  was  encountered,   then  64  c.   of  woi  clay  land  much  grown   up  with  blssfe 
alder,  followed   by  35  c.   of  muskeg  extending  to  6   m.   o5  c.     These   narrow  strips  c^' 
muske^jj  appeared  to  be  arms  of  a  larger  muskeg  to  the  south  of  our  course.     At  7  oC^- 
a  creek  12  feet  wide  and  2  feet  d«'ep  flows  north  tlirouch  clay  land  thinly  wo<  dod  wi**:   ''' 
spruce.     At  7  m.  30  c.  the  larger  spruce  and  drier  clay  land  bordering  the  river  w^^ 
encountered,   and  at  8  m.  40  c.  tho  descent  to  the  river  began.     The  bank  here  is  *■  - 
feet   high  (aneroid)  and  is  wooded  with  spruce  and  poplar  averaging  about  15  inch     " 
for  some  distance  back,  while  close  to  tho  river  are  also  balm  of  Gilead  or  balsam  popl^^ 
of  20  inches  and  cedar  of  about  16  inches  diameter. 

The  Mattagami  Valley 

The  east  bank  of  the  Mattagami  was  then   followed  up  stream  for  about  4  mile    '* 
in  a  direction  a  little  east  of  south.     The  banks  are  of  clay,  with  a  rise  of  60  or 
feet  from  the  river  in  a  distance  of  about  10  chains.     Rills  cut  down  through  the  cl 
at  comparatively  regular   intervals  of   about   10  chains,    but   no   streams   of   any  no' 
ertor  the  river  from  the  east,   and  only  one,  the  Kamiskotaia,  a  river  about  1  chai 
wide,   enters  from  the  southwest.     The  timber   along   the  bank  consists  of  balm  an 
cedar,  up   to   2   feet  diameter,    together   with  spruce    and  poplar   of  somewhat  smallo 
size. 

The  return  to  camp  was  made  from  this  point  by  canoe.  About  5  miles  up 
the  Water  Hen  creek  enters  from  the  south,  and  a  short  distance  above  the  lower  o^ 
the  three  portages  is  reached.  This  is  a  sandy  portage,  10  chains  in  length,  on  th  ^ 
north  bank.  The  middle  and  upper  portages,  which  are  about  32  c.  and  80  c.  d# 
stream  from  the  lower,  are  each  20  c.  long,  and  on  the  south  bank.  Considerable 
current  is  encountered  in  reaching  and  in  leaving  the  upper  portage.  About  10  milai 
farther  up  stream  the  portage  to  Porcupine  lake  leaves  the  Mattagami. 
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le  outcrop  of  rock  at  the  three  portages  has  been  previously  described  by  Dr. 

On  the  north  bank  of  the  river  at  the  upper  rapids  the  rock  is  a  porphyry — 

in  color.     The  only  additional  outcrop  seen  is  on  the  east  bank  about  5  miles 

the  lower  rapids.     At  this  point  a  weathered  greenstone  shows  at  the  water's 

trip  was  also  made  in  a  westerly  direction  to  the  Mattagami  river  from  the 
>ost  on  Speight's  meridian.  For  the  first  mile  and  a  half  the  soil  is  a  gcod  clay 
id  with  about  one  foot  of  mould,  and  wooded  with  6-inch  spruce  together  with 

poplar  and  balm  on  the  higher  ground.     The  next  mile  and  a  half  is  typical 

ge  areas  in  this  region.     The  principal  tree  has  been  the  tamarack,   which  was 

some  years  ago  by  the  larch  saw-fly.     The  killing  of  the  tamarack  has  left  ^ho 

rather  open  to  the  sunlight,  and  a  thick  growth  of  alder  has  sprung  up  among 
ore  or  less  scattered  spruce.     Many   of  the  dry   tamarack  are  still   sound   Pod 

make  good  wood  or  ties;  but  they  are  decaying  at  the  roots  and  art*  bcirg 
ally  blown  down,   making   with  the   alder  a  tangle  through  which   il  \i  )i:u'd   to 

he  soil  is  always    clay    overlain    by  1  to  o  feet  of  mould.      The  spruce  in  these 

is  usually   somewhat  larger  than  in  the  regular  spruce  woods,    and  the   deptb 

ss  considerably  less.     The  only  creek  is  one  3  feet  wide  flowing  south  at  the  end 

)  first  mile.     At  3  m.  a  muskeg  32  c.   across  was  entered.     The  rest  of  this  mile 

Kled  with  spruce  of  about  5  inches,  and  is  covered  with  a  depth  of  2  feet  or  more 

»88.     The  next  two  miles  is  entirely  muskeg   with  varying  depths  of  peat.     At 

a  sounding  was  made  by  driving  down  a  pointed  pole  and  a  sample  taken  at 

th  of  one  foot.     The  depth  of  peat  at  this  point  was  6  feet,  and  at  6  m.  the 

was  at  least  7  feet.     In  the  first  half  of  the  7th  mile,  the  soil  is  clay  deeply 

m1  with  moss  and  wooded  with  small  spruce.     This  is  followed  by  24  c.  of  spruce 

oplar,  and  this  in  turn  by  24  c.  of  small  spruce.     From  this  point  to  the  river 

was  reached  at  7  m.  70  c,  the  timber  is  of  good  size,  and  the  land  dry.    The 

spruce  would  average  10  inches,  the  poplar  15,  and  the  cedar  and  balm  probably 

he  river  bank  at  this  point  has  a  height  of  54  feet  (aneroid),  and  in  the  gradual 
of  the  first  mile  back  from  the  river  there  is  an  additional  fall  of  50  feet 
>id) ;  so  that,  the  total  fall  from  the  level  area  in  the  interior  to  the  level  of  th^^ 
is  about  100  feet. 

he  trip  was  continued  from  the  point  on  the  river  just  reached,  by  following  the 
ank  upstream  for  half  a  mile,  and  then  taking  a  course  S.  30^  £.,  to  the  foot 

I  upper  of  the  three  rapids,  previously  mentioned.  The  pebbles  noted  in  the  beds 
'  rills  here  entering  the  river  consist  of  granite,  groonstone,  and  silicious  schist, 
le  first  mile  the  soil  is  a  good  clay,  well  wooded  with  the  varied  timber  found  along 
vers  in  the  region.     At  8  c.  on  the  second  mile  is  a  lake  8  c.  long,  from  which 

II  creek  flows  to  the  south.  The  rest  of  this  mile  is  level  clay  land  wooded  with 
>.  At  24  c.  on  the  third  mile,  a  creek  6  feet  wide  with  a  bank  30  feet  high 
s  our  course,  then  turns  and  follows  it  for  half  a  mile,  when  it  again  turns  to 
luthwest.     Tributaries  enter  this  creek  from  the  east  at  34  c.  and  64  o.     The 

of  the  same  uniform  nature,  timbered  with  spruce  and  balsam.  The  first  48  c. 
'  fourth  mile  is  wet  clay  land,  timbered  with  <5pruce,  averaging  8  or  10  inches, 
ry  tamarack.  Then  the  land  rises  about  20  feet,  while  stony  and  gravelly 
iccced  for  a  distance  of  a  little  ever  one  mile,  and  balsam  and  birch  replace 
roarack.  This  is  followed  by  16  c.  of  taniarack  swamp,  when  the  large  timber  and 
ay  soil  of  the  river  margin  is  entered.  At  5m.  24  c.  a  creek  4  feet  wide  flows 
>  west,  and  at  the  half  mile  the  foot  of  the  rapids  is  reached. 

be  Mattagami  river  hf^  here  a  width  of  about  3  c.  and  flows  almost  directly  west. 
e  head  of  the  upper      ipids   is  about  60  c.   and  the  fall  in  this   distance   is   12 
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feet  (anoroid).  Above  the  rapids  the  country  has  the  same  general  character,  but 
is  at  a  less  elevation  above  the  river.  After  one  hoar's  good  paddling  in  an  easter'/ 
direction,  the  river  again  bends  to  the  south,  at  the  point  where  the  creek  ascended 
at  the  beginning  of  the  trip  enters  from  the  north,  and  in  a  little  less  time  the  fint 
portage  to  Pcrcupine  lake  is  reached. 

Wark  Township 

Two  trips  were  made  through  this  township^  oiie  on  the  west  and  the  other  on  the 
east  side,  from  Speight's  base  line,  which  forms  the  southern  boundary. 

Travelling  north  from  the  12-m.  post  on  Speight's  meridian,  the  first  60  c.  ii 
muskeg,  and  the  rest  of  the  mile  clay  land,  timbered  with  spruce  and  poplar.  The 
next  20  c.  is  quite  mossy  and  covered  with  scrubby  spruce,  then  follows  one  mile  ti 
good  clay  land  wooded  with  spruce,  dry  tamarack  and  alder,  with  some  poplar  on  the 
knolls.  At  2  m.  20  c.  the  land  becomes  a  little  higher,  and  spruce  and  poplar  woods 
fellow  to  the  end  of  the  mile. 

The  fourth  mile  passes  through  a  typical  spruce  woods,  with>  timber  averaging  <A 
inches.    The  soil  is  a  good  clay  under  one  foot  of  moss  and  a  varying  depth  of  mould. 
At  42  c.  and  at  70  c.  creeks  of  widths  of  6  and  4  feet  respectively,  flow  to  the  wesi^< 
In  the  fifth  mile,  the  first  35  c.  have  a  depth  of  5  feet  ci  peaty  mould  and  scrubl>7 
spruce  timber.     This  is  followed  in  turn  by  5  c.  of  poplar  knoll,  10  c.  of  muskeg  op^«^ 
to  east  and  west,  10  c.  of  spruce  knoll  and  50  c.  of  muskeg,  with  a  depth  of  6 
of  peat.     The  remaining  50  c.  of    the    sixth    mile    is    level  clay  land,  timbered  wii 
5- inch  spruce  and  poplar.     At  5  m.  55  c.  a  creek  5  feet  wide  flows  to  tUe  east. 


i.1 


Travelling  eastward  from  this,  the  northwest  corner  of  the  township— the  first  60 
is  good  clay  land  covered  with  about  2  feet  of  moss  and  mould,  and  a  good  growt:-  -^ 
of  9-inch  spruce.     At  75  c.   a  creek  15  feet  wide  and  4  feet  deep  flows  to  the  nortl 
and  at  1  m.  65  c.  another  of  16  feet  width  and  2  feet  depth  flows  to  the  northwest 
The  land  between  these  two  creeks  is  equally  good,  but  the  timber  is  much  smallei 
averaging   about  5  inches. 

Turning  in  a  southerly  direction  at  a  point  2  miles  east  of  the  corner  mentioned 
the  same  creek  is  soon  crossed  a  second  time.    At  15  c.  a  muskeg  25  c.  wide  is  enten 
and  at  54  c.  a  creek  40  feet  wide  is  noted  lying  just  to  the  east  of  our  course.    Thi  ^^ 
is  probably  the  same  creek  dammed  by  beaver,  as  on  a  creek  6  feet  wide  flowing  ead^^^ 
at  67  c.  beaver  cuttings  are  quite  plentiful.     Along  these  creeks  the  timber  consist- ^s 
of  6-inch  spruce  and  14-inch  poplar,  growing  on   a  good  clay  soil.     Then  follows  hiL  -^ 
n   niilo  of  the  same  spruce,  on  a  good  clay  soil  covered  with  about  one  foot  of  mos^  • 
At   the  lialf  mile,   10  c.  of  poplar  knoll   is  encountered,  the  rest  of  the  mile  being  f*    ^ 
the  same  ch«;racter  as  the  first  part.     In  the  first  half  of  the  third  mile,  the  sprue -^^ 
'rt  small  and   the   depth  of  moss  about  3   feet.      From   2  m.  40  c.   to  4  m.   is  a  ferc^B 
musket^,  open  for  at   least  1    mile  to  the  west  and  hiaving  a  depth  of   at   least  9  fe^'S 
of   peat.      At  3   m.   50   c.    a  blazed  trail   bears   8.  50®  E.,  probably  to  the  Porcupit»  ^ 
river,    as   a   similar   trail   was  noticed   leaving  one  of   its  branches.     In   the  first  htl^f 
of  the  fifth   mile  the  spruce  is  small  and  the  land  wet;   then  follow  in  turn  20  c.  «>^ 
muskeg  and  50  c.  of  spruce  and  poplar  woods  and   dry  clay  land.     A  creek,  10  f^"*si 
wide,   flowing  east  at  5  m.   drains  this  area.     From  5  m.  30  c.  to  5  m.  60  c.  the  soil 
is  a  good  clay  with   a  growth  of  10-inch   spruce.      From  this  to  the  li'^e,  which  w  «*« 
reached  at  2  m.  40  c,  the  spruce  is  very  scrubby  and  the  moss  deep. 

The  east  half  of  the  township  was  explored  by  travelling  along  the  south  boiiDKl' 
ary  to  the  6-m.  pest  on  Speight's  line,  and  making  a  trip  similar  to  the  last  6  miles  nof*^ 
from  this  point. 

A  hard  green  schist,  containing  some  quartz  stringers,  outcrops  along  the  li^** 
at  2  m.  55  c.  and  at  3  m.  8  c.     Near  the  4-m.  post  is  another  outcrop  of  similar  ro^^ 
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with  some  layers  quite  soft  and  dark  in  color.  At  4-m.  12  c.  low  rocky  ridge 
extending  some  14  c.  to  the  north,  has  much  the  same  nature,  but  in  places  has  the 
appearance  of  a  tuff  or  ash  rock. 

The  land  between  these  two  outcrops  is  composed  of  good  clay  soil,   drained  by 

a  creek  seven  feet  wide,  fl/owing  north  at  3  m.  28  c.     From  the  last  outcrop  to  the 

6-m.  post,  the  soil  is  mostly  clay.     At  50  c.  en  the  fifth  mile,  the  line  crosses  a  sand 

knoU  15  c.   across;  and  at  12  c.  on  the  sixth  crosses  a  creek  16  feet  wide  flowing 

southeast. 

Going    north    from  the     southeast    corner    of    the    township,   the     first    mile    is 

dry    clay    land    with    here    and   there  granite    and    greenstone    boulders.        In    the 

s^xx)nd   mile  the   first   half    is    lower   and    wooded    with  small  spruce  only,    and    the 

last  half  muskeg.     In  the  third  mile,  the  first  35  c   .are  wet  and  vne  spruce  small. 

This  is  succeeded  by  one  mile  of  clay  land,   wooded  with  6>inch  spruce,  and  covered 

by  1  foot  of  moss.     Then  follows  80  c.  of  muskeg,   which  extends  to  a  considerable 

distance  east  and  west.    A  sounding  taken  at  4  m.  gave  a  depth  of  peat  of  at  least 

7  feet.    The  spruce  woods  extending  to  the  north  of  this  area,  contain  trees  averaging 

0  inches.    The  last  30  c.  of  the  sixth  mile  pass  through  another  muskeg,  with  a  depth 

•f  peat  of  9  feet,  and  extending  20   c.    to   the    west.      To  the    west  of    this   the  same 

•pruce  woods  extend  for  60  c,  then  follow  40  c.   of  muskeg,  apparently  an  arm  of  a 

^rger  one  to  the  northwest.     This  is  followed  by  a  half  mile  of  wet  spruce  woods, 

^   which  the  clay  soil  is  covered  with  about  4  feet  of  moss  and  mould. 

Turning  to  the  south  after  travelling  two  miles  westward,  the  first  100  c.  is  good 
^'^y  land  covered  with  1  foot  of  moss  and  mould,  and  wooded  with  5-inch  spruce. 
^t  27  c.  and  at  54  c.  creeks  3  feet  wide  flow  to  the  west.  Along  these  creeks  the 
>Pdice  is  much  larger  and  is  mixed  with  12-inch  poplar.  The  next  100  c.  up  to 
3  ZKt.  40  c.  is  muskeg,  with  a  depth  of  peat  of  7i  feet.  South  of  this  muskeg  the  land 
B^opes  very  slightly  to  the  south.  The  soil  is  a  good  clay  covered,  except  along  the 
creaks  and  on  the  knolls,  with  about  1  foot  of  mould.  At  4  m.  there  is  about  a 
<)u.^rter  of  a  mile  of  wet  land  with  6  feet  of  moss  and  mould,  and  timbered  with  small 
*P**iice;  but  over  the  rest  of  the  area  the  spruce  would  average  six  or  seven  inches  in 
di^^meter.  The  poplar  growing  along  the  creeks  and  upon  scattered  knolls  would 
^^^rage  12  inches.  At  5  m.  a  creek  16  feet  wide  and  2  feet  deep,  which  drains  the 
^^^th  half  of  the  township,  flows  to  the  southeast,  while  a  branch  4  feet  wide  enters 
1^  from  the  north.  At  3  m.  50  c.  another  creek  3  feet  in  width  flows  to  the  east. 
^  ^  cer  passing  through  half  a  mile  of  spruce  and  poplar  woods  the  line  was  reached  at 
^    I^oint  8  c.  east  of  the  4-m.  pest. 

A  Muskeg  Area 

The  northern  half  of  the  township  of  Gowan  is  very  similar  to  the  same  portion 
^^  Wark.  A  muskeg  with  a  depth  of  peat  varying  from  4  to  over  9  feet  stretches 
^om  west  to  east*  across  the  two  townships.  This  was  crossed  from  north  to  south 
^"^  intervals  of  2  miles.  Two  miles  from  the  east  boundary  of  Gowan  the  width  was 
^'^'o  miles  and  a  half,  and  the  depth  from  5  to  6  feet.  At  the  same  distance  from  th3 
^^at  boundary  of  Wark,  the  width  was  one  mile  and  a  half,  and  the  depth  over  9 
'^^t.    At  the  other  four  points  the  width  was  a  mile  and  a  quarter. 

Where  the  depth  of  peat  exceeds  4  feet,  these  areas  are  practically  open.  Thougu 
^^^ttered  spruce  and  tamarack  of  an  age  as  great  as  that  of  any  trees  in  the  region 
^^^  found  upon  them,  they  rarely  exceed  15  feet  in  height,  or  3  inches  in  diameter, 
'^^ny  spruce  were  seen  with  150  annual  rings  and  a  diameter  of  2  inches.  Together 
^^^h  these  scrubby  trees  there  is,  in  many  places,  a  dwarf  birch  which  is  a  mere 
^^^^nib  from  3  to  4  feet  in  height.  In  June  the  previous  year's  berries  were  still  fresh 
^XH>n  the  cranberry  bashes. 


192  Bureau  of  Mines  No.  5 


This  muskeg  is  the  source  of  some  important  streams.  Mention  has  already  been 
made  of  the  creek  flowing  out  of  it  to  the  north,  which,  after  some  miles,  forms  a 
considerable  river.  Two  at  least  and  possibly  three  creeks  of  a  width  of  15  feet  flow 
out  of  the  northwest  corner,  and  must  before  they  reach  the  Mattagami  river  form 
a  stream  of  considerable  size.  From  the  south  side  the  drainage  is  to  the  Porcupiae 
liver.  Besides  the  creek  previously  mentioned  as  flowing  to  the  southeast  through 
Wark,  a  creek  10  feet  in  width  also  flows  into  the  north  branch  of  the  Porcupine 
fiom  the  west  side  of  Gowan,  while  from  the  east  side  a  creek  16  feet  in  widlh  flows 
scuth  into  the  Porcupine  below  the  junction  of  the  north  branch  with  the  main 
stream.  Upon  the  upper  part  of  the  last  mentioned  creek  a  beaver  dam  5  feet  in 
height  was  seen  and  in  fact  on  nearly  every  stream  beaver  cuttings  and  work  are 
plentiful.  These  last  two  creeks  drain  an  area  in  every  respect  similar  to  that  in  the 
south  of  Wark  township. 

Spruce  Forest 

To  the  north  of  the  area  just  described,  and  in  the  townships  of  Prosser  and 
Tully,  is  an  extensive  area  of  spruce  woods.  The  timber  averages  from  6  to 
10  inches  in  diameter,  the  larger  size  being  found  along  the  creeks  where  there  arc 
A  few  poplar  mixed  with  the  spruce.  The  trees  are  young  and  thrifty,  and  th«? 
woods  remarkably  clean  and  free  from  windfall.  In  the  parts  remote  from  the  creeks, 
the  best  timber  is  found  in  the  third  concession  of  Prosser,  where  the  spruce  aver- 
ages from  8  to  10  inches  in  diameter.  In  this  part  the  soil  is  covered  with  a  depth 
of  '2  to  4  IVet  of  mess  and  mould;  but  over  the  greater  part  of  the  area  there  is  only 
sufficient  moss  to  form  a  carpet  for  the  ground. 

The  creeks  which  flow  in  a  northwesterly  direction  from  the  centre  of  the  southern 
part  of  Tully  are  very  little  below  the  level  of  the  area.  The  average  width  of  the 
larger  stream  is  about  20  feet  in  the  second  concession  of  Tully,  where  it  flows  through 
lot  8.  This  increases  to  about  30  feet  where  it  leaves  the  township  of  Prosser  on  the 
east  sido  of  lot  5.  The  more  easterly  stream  has,  in  lot  5  concession  IV,  Tully,  a 
vidth  of  about  1*2  feet:  while  between  lots  8  and  9,  where  it  leaves  the  township  th.» 
width  has  increased  to  nearly  30  feet.  Beaver  dams  in  many  places  give  this  strenm 
a  width  of  over  20  feet,  and  the  larger  a  width  of  50  to  60  feet. 

Though  the  banks  are  only  a  few  feet  high  the  land  is,  for  the  most  part,  fairlv 
dry  and  the  soil  a  uniformly  good  clay.  A  ridge  of  sand  and  gravel  about  half  a 
mile  wide  runs  east  and  west  through  the  fourth  concession  of  Prosser,  for  at  leawX 
four  miles  in  the  middle  of  the  townsliip.  The  timber  on  this  ridge  consists  of  spruce 
and  birch,  averaging   12   inches   in  diameter,  and  poplar  averaging   18. 

Muskegs  are  not  extensive  within  the  area.  Lots  4  and  5  in  the  sixth  concession 
ci  Tully  have  a  depth  of  peat  of  about  6  feet,  and  in  the  other  lots  in  the  northeast 
corner  of  the  township  there  is  also  considerable  muskeg.  About  half  of  lot  8  in  the 
fourth  and  fifth  concessions  have  a  depth  of  4  feet  of  peat. 

The  only  muskeg  seen  in  the  township  of  Prosser  was  one  in  lots  4  and  5  in  the 
fifth    concession,   which    had    a    width   of    about    35  chains. 

Rock  Outcroppings. 

Several  outcrops  of  rock  were  noted  within  this  area.  In  lot  5  in  the  third  con- 
cession of  Tully  several  ridges,  from  10  to  30  feet  high,  run  east  and  west.  Th* 
rock  is  a  much  weathered  greenstone,  fine-grained  in  structure,  and  showing  the 
presence  of  decomposition  products.  In  the  southern  part  of  lot  8  in  the  second 
concession  of  Prosser,  there  is  a  hill,  about  120  feet  high,  the  central  portion  of 
which  consists  of  breccia,  while  the  sides  are  flanked  by  an  iron-stained  schist,  grey 
in  color,  with  a  strike  of  N.  70°  E.,  and  a  dip  about  76?  to  the  north.  A  green 
schist  out^'rops    in    the  northern   part   of   the  same  lot    in   the   third  concession;    and 
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4rithin  about  10  chains  of  the  northwest  corner  of  the  township  another  outcrop  ci 
ichist  rather  lighter  in  color  occurs.  These  have  the  appearance  of  altered  green- 
itones. 

The  boulders  noted  within  the  ridge  previously  mentioned  comprise  greenstone, 
'janite  and  schists  of  much  the  same  character  as  those  within  the  area.  In  the  bed  of 
he  larger  creek  where  it  flows  out  of  the  township,  a  pebble  of  greenstone  containing 
onsiderable  pyrrhotite  was  noted. 

Patten's  First  Base  to  His  Correction  Line. 

This  is  an  area  of  uniform  clay  land,  but  of  quite  raried  timber  growth.  Th« 
itter  feature  is  largely  due  to  a  considerable  part  of  the  area  having  been  burned 
ver — the  larger  portion  some  40  years  ago,  and  a  smaller  portion  about  10  years 
go.  The  opening  produced  by  these  fires  has  led  to  the  extensive  windfalls  in  th« 
djoining   timbered  parts. 

The  largest  area  of  windfall  surrounds  the  12-m.  post  on  Patten's  meridian, 
'his  extends  for  nearly  3  miles  into  the  township  of  Prosser,  and  for  over  a  mile  nortn 
rom  the  boundary.  A  trip  west  from  this  post  showed  that  tamarack  windfall 
xtendcd  for  about  3  miles  in  that  direction,  but  a  mile  north  of  this  fairly  good 
pruec  of  6  to  9  inches  in  diameter  grows  quite  free  from  tamarack.  This  area 
s  mostly  of  wet  clay  land,  and  in  this  part  the  dead  tamarack  only  are  blown  down, 
saving  thin  spruce  woods:  but  on  the  higher  land  many  balsam  and  some  spruce  in 
ddition  to  the  tamarack  have  been  uprooted. 

Another  windfall  area  extends  for   about  2  miles  along  the  creek  which   flows  to 

he  northwest  from  the  township  of  Tully.     This  area  reaches  east  to  a  muskeg  in  lot 

of  the  sixth  concession  of  Tully,  but  not  over  half  a  mile  to  the  west.     The  creek 

hrough  this  part  has  a  bank  from  8  to  10  feet  in  height,  but  the  land  is  at  almost  a 

ead  level.     As  a  result  the  natural  drainage  is  not  good. 

At  the  point  where  the  larger  of  the  two  creeks  crosses  Patten's  base  line,  the 
md  has  an  elevation  of  some  30  feet  above  the  level  of  the  creek.  This  dry  clay 
rea  extends  along  the  creek  with  a  width  of  over  a  mile,  for  at  least  1  mile  straight 
orth  and  for  nearly  the  same  distance  south  into  Prosser.  The  timber  is  of  no 
alue,  as  it  consists  of  scattered  brushy  spruce  of  about  40  years*  growth;  but  the 
wl   is  a  good  clay,  fairly  well  covered  with  grass  where  the  trees  are  very  scattered. 

Along  the  same  creek  to  the  northwest  of  this  area,  a  brule  of  10  years  extends 
r  about  2  miles.  Where  crossed  in  fljoing  oast  from  the  14-m.  post  on  the  meridian 
ne,  it  has  a  width  of  over  a  mile.  Part  of  the  same  brul^  crosses  the  meridian  jurt 
Drth  of  the  14-m.  post  with  a  width  of  32  chains.  This  area  is  commencing  to  grow 
p   with  young  spruce,  poplar  and  tamarack. 

The  portion  of  the  area  lying  along  the  Correction  line  for  the  whole  12  miles, 
ong  the  creeks  through  the  northern  part  of  the  area,  and  between  these  to  within 

short  distance  of  the  base  line,  is  mostly  spruce  woods.  For  a  quarter  of  a  mile 
ong  the  creeks  the  spruce  is  large,  some  reaching  a  diameter  of  over  2  feet;  but 
rer  the  greater  part  of  the  area  the  average  diameter  is  from  8  to  10  inches.  The 
lil   throughout  is  clay  covered  with  a  depth  of  moss  and  mould  varying   from  1    to 

feet. 

A  trip  west  from  the  16-m.  post  on  the  meridian  lino  for  a  distance  of  3  miles 
'oeses  a  similar  area.  From  near  this  post  a  creek  12  feet  wide  flows  east  to  join  the 
est  branch  which  is  hiere  about  a  mile  distant.     About  2  miles  west  a  creek  of  the 

ime  width,  but  increasing  to  20  feet  in  width  a  mile  to  the  west,  fl.rws  in  a  north- 
esterly  direction  to  the  Mattagami. 

Along  this  latter  creek  the  spruce  averages  1  foot  in  diameter,  and  the  soil  is 
lirly  dry;  but  over  the  rest  of  the  area  west  of  miles  17  and  18  the  spruce  averages 
rom  6  to  8  inches,  and  the  soil  is  covered  with  3  to  4  feet  of  moss  and  mould. 

18  m. 
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The  muskegs,  though  larger  than  in  the  spruce  woods  to  the  south,  do  not  com- 
prise much  more  than  one-twentieth  of  the  whole  area.  At  18  m.  40  c.  on  the  meridian 
line  a  muskeg  crosses  in  an  east  and  west  direction,  with  a  width  of  some  30  chains. 
North  of  lots  1  and  2  in  the  sixth  concession  of  Prosser  there  is  a  muskeg  probably 
about  800  acres  in  extent,  while  in  the  third  and  fourth  miles  north  of  lot  4  in  the 
same  concession  there  is  another  of  about  a  square  mile  in  area,  from  which  three 
creeks  with  widths  of  4  to  10  feet  flow  east  to.  join  the  east  branch.  About  3  miles 
east  from  the  16-m.  post  on  the  meridian  is  another  area  a  mile  in  width.  Three 
miles  north  of  the  8-m.  post  on  the  base  line  a  muskeg  with  a  width  of  50  chains  was 
crossed,  while  in  the  northeast  corner  of  the  area  is  the  only  other  cf  any  considerable 
area  in  the  part  east  of  the  smaller  branch.  The  depth  of  peat  in  each  of  these  mus- 
kegs is  about  6  feet. 

In  the  eastern  part  of  the  section,  the  area  of  glacial  accumulations  which  extends 
from  Beaver  lakes  to  a  point  on  the  Correction  line  midway  between  the  two  lakes 

in  the  third  mile,  forms  a  divide  between  the  basins  of  the  Frederick  House  and  of 
the  streams  of  the  section.  The  soil  is  a  good  clay  mixed  with  a  considerable  pro- 
portion of  sand;  and  the  land  has  a  sufficient  relief  to  be  quite  dry.  The  timb<^r 
growth  is  about  40  years  old  and  consists  of  poplar  and  balm  of  8-inch  size,  and  a 
thick  growth  of  small  spruce,  except  between  the  two  lakes  mentioned  where  the 
timber  is  of  greater  age,  the  poplar  having  here  a  diameter  of  16  inches. 

The  only  rock  seen  within  the  section  outcrops  just  east  of  the  brul^  at  a  poiat 
about  3  miles  northeast  of  the  western  end  of  the  base  line.     This  is  an  altered  green-         — 
stone    with   a    peculiar  granular    structure,   probably   due  to  the    weathering    of  t^p      ^ 
original  constituents. 

The  Basin  of  the  Mattagami 

For  the  next  12  miles  north  to  Patten's  second  base  line,  this  stream  flows  ^sm" 
through  an  area  of  clay  land  superior  in  respect  to  drainage  to  those  previously 
described.  The  difference  in  level  of  15  to  20  feet  between  the  bed  of  the  stream  and 
the  plain  is  sufficient  to  drain  the  country  in  its  present  conditicn  for  some  2  miles 
jn  either  side  of  the  river.  In  the  northern  half  of  the  basin,  where  the  slope  is 
somewhat  more  marked,  the  clearing  of  the  land  would  no  doubt  provide  good  drain- 
age for  an  area  twice  as  large. 

In  the  southorn  half  of  this  portion  of  the  basin,  the  timber  is  of  little  value  fo; 
about  2  miles  on  the  west  side  of  the  river.     This  part  was  burned  over  some  40 
ago,  and  is  now  covered  with  a  thicket  of  young  spruce  and  tamarack,  except  in  th 
swales,  whore  some  of  the  original  spruce  timber  remains. 

The  21st,  22nd.  and  part  of  the  23rd    miles    on    the    meridian  line  pass  through 
spruce  woods  witli  timber  avera^incj  G  or  7  inches  in  diameter.     About  the  23-m.  pos 
there  is  a  muskeg  probably  a  mile  in  length  with  a  depth  of  peat  of  4  or  5  feet,  whil 
two  miles  cast  of  the  22nd  mile  there  is  another  of  about  the  same  size  with  5| 
of   peat. 


Along  the  east  branch,    which  forms  a   junction    with   the   main    stream    about 
miles  north  of  the  9-m.  post  on  the  Cr rrection   line,   the  spruce  is  of  an  average  si 
of  12  inches.     In  the  area  between  the  two  branches  however  the  spruce  is  smaller 
a\eraging   probably  8   inches    in    diameter. 

The  only  glacial    accumulations  seen    in    the  southern   portion   of   the  area  W( 
crossed  t5  miles  north  of  the    fourth    mi^  j  of  the    Correction    line.      Two  lakes 
seen   here,    one    quite   small,    filling   a    kettle-hole,    and   one    half   a   mile    in 
apparently  with   an  outlet  to  the    northeast.      At  five  miles    north  of  the  4-m.  postSi*' 
a  muskeg  apparently   occupies  a   depression   within  the  accumulations,  since  for  haV^ 

l.Sa  M. 
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a  mile  to  the  south  there  is  the  same  slightly  stony  clay  soil,  with  a  marked  sonthera 
slope.  Upon  this  soil  the  spruce  and  poplar  grow  very  large,  some  reachiing  a 
diameter  of  2  feet. 

Between  these  glacial  deposits  and  the  Correction  line  is  an  area  of  spruce 
woods,  with  muskeg  half  a  mile  in  width  in  the  northern  halves  of  the  second  and 
third  miles  from  that  line.  A  creek,  which  crosses  the  Correction  line  at  the  4-ia. 
post  with  a  width  of  12  feet,  and  which  flows  north  and  turns  to  the  northeast  with 
a  width  of  20  feet  at  a  distance  of  one  mile  from  the  line,  one  20  feet  wide  flowing 
west  2  miles  from  the  line,  and  a  third  15  feet  wide  flowing  out  of  a  small  lake  at  a 
distance  of  3  miles  24  chains  from  the  line,  drain  this  area,  and  in  all  probability 
together  form  a  large  stream  entering  the  river  at  some  point  midway  between  the 

Correction  and  Base  lines.  This  area  is  quite  level,  and  is  timbered  with  spruce 
averaging  from  6  to  8  inches  in  diameter. 

In  the  northern  half  of  the  basin,  in  addition  to  the  ridge  of  glacial  material 
which  forms  the  divide  on  its  eastern  side,  there  is  a  second  ridge  crossing  the  base 
line  at  the  6-m.  post.  West  of  this  ridge  is  a  small  lake,  followed  by  half  a  mile  of 
sand  timbered  with  thrifty  young  poplar  and  birch  one  foot  in  diameter. 

Along  the  Base  line  from  this  sand  area  to  the  river  and  for  2  miles  to  the  west 
the  timber  is  cf  little  value,  consisting  for  the  most  part  of  young  brushy  spruce, 
together  with  some  poplar  and  birch  on  the  higher  ground.     The  rest  of  the  northern 

half  of  the  basin,  excepting  the  muskeg  portions,  is  covered  with  good  spruce,  poplar, 
balsam  and  birch  of  about  70  years'  growth.  The  first  largely  predominates  in  the 
parts  at  a  distance  from  the  river,  while  poplar  is  the  chief  timber  close  to  the 
streams.     The  latter  two  occur  to  a  lesser  extent  on  the  higher  ground. 

Narrow  strips  of  muskeg  occur  quite  frequently,  but  few  of  them  exceel  18 
chains  in  width.  The  largest  crosses  the  Base  line  in  the  middle  of  the  first  mile  and 
meridian  at  24  chains  on  the  thirtieth  mile,  with  a  width  of  about  48  chains,  and 
a  depth  of  peat  of  7  feet.  The  middle  of  the  28th  mile  on  the  meridian  is  occupied 
by  a  muskeg  about  half  a  mile  across.  Three  miles  south  of  the  middle  of  the  7th 
mile  on  the  Base  line  there  is  a  marshy  lake  about  60  chains  long,  lying  in  a  north 
bnd  south  direction,  and  about  20  chains  in  width.  A  creek  16  feet  wide  flows  from 
the  northwest  corner.  On  the  east  side  of  this  lake  there  is  a  mile  and  a  half  of  good 
spruce,  averaging  8  inches  in  diameter,  while  to  the  west  there  is  30  chains  oi 
muskeg. 

The  only  outcrop  of  rock  noted  cccurs  in  the  third  mile  north  of  the  8-m.  poift 
on  the  Correction  line.  The  rock  appears  to  be  a  syenite.  It  is  very  much  weathered 
and  the  dark  minerals  of  the  rock  are  greatly  altered. 

Tlie  Fredericic  House  Basin 

This  basin  was  explored  from  Frederick  House  lake  to  the  base  line  run  east 
and  west  from  the  162-m.  post  on  the  district  line,  a  distance  of  24  miles  north  and 
south.  It  has  been  pointed  out  that  the  western  portion  of  the  basin  is  small,  vary- 
ing from  2  to  4  miles  in  width.  The  eastern  portion  has  nearly  a  uniform  width  .  f 
about  6  miles.  Three  important  tributaries  enter  the  river  in  the  northern  half 
of  this  pcrtii>»"  of  the  basin,  one  from  the  east  and  one  from  the  west  near  the  156-m. 
poat  on  the  district  line,  and  the  third  from  the  east  at  a  point  about  3  miles  farther 
up  stream.  The  only  large  stream,  entering  the  river  in  the  southern  haff,  draina 
the  township  of  McCart,  and  joins  the  river  with  a  width  of  about  a  chain  to  the 
north  of  an  island  in  the  river  about  2  miles  below  the  outlet  of  the  lake. 

The  largest  creek  in  the  western  part  of  the  basin  has  its  source  in  a  lake  about 
half  a  mile  long  which  lies  immediately  west  of  the  2-m.  post  on  the  Correction  line, 
and  in  a  wet  clay  area  to  the  east  of  this  lake.     It  flows  north  for  about  2  milea. 
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then  bends  to  the  northeast  with  a  width  of  15  feet,  and  crosses  the  district  line  in 
the  155th  milo  with  a  width  of  some  30  feet.  The  area  drained  by  tms  t-treaiii  has 
a  good  clay  soil  covered  with  from  1  to  2  feet  of  mould,  and  with  a  timber  growth 
consisting  mostly  of  spruce.  Along  the  Correction  line,  the  timber  averages  10  inches, 
and  along  the  middle  portion  of  the  creek  from  6  to  8  inches  in  diameter,  with  con- 
vfderable   tamarack   windfall  throughout. 

From  this  stream  north  to  the  base  line,  the  soil  is  of  the  same  character,  but 
higher  and  well  drained.  The  timber  growth  is  of  mixed  kinds  and  of  a  good  size. 
A  section  of  this  area  at  a  point  about  2^  miles  from  the  base  line  showed  over  a 
mile  of  this  timber  along  the  river  on  the  west  side. 

On  the  opposite  side  of  the  Frederick  House,  a  trip  made  from  Neelands  rapids 
to  the  16'2-m.  pest,  showed  the  presence  of  about  the  same  width  of  mixed  timber, 
followed  by  spruce  woods  to  within  a  half  mile  of  the  corner,  where  the  wet  clay 
land  changes  to  muskeg.  On  the  east  side  of  the  district  line  there  is  almost  another 
mile  of  10-inch  spruce.  A  trip  inland  from  near  the  point  where  this  line  crosses 
the  rivor  was  made  through  a  narrow  margin  of  mixed  timber  and  a  mile  and  a  half 
of  8-inch  spruce  to  a  muskeg  30  chains  wide  opening  out  to  the  north. 

The  largest  of  the  three  tributaries  probably  has  its  source  in  a  muskeg  situated 
cne  mile  west  of  the  middle  of  the  east  boundary  of  the  first  township  south  of 
Speight's  base  line,  and  east  of  the  district  line.  It  flows  about  2  miles  west,  when 
after  being  joined  by  branches  which  drain  the  northern  part  of  the  township  .t 
turns  sharply  to  the  south  for  three  miles,  leaving  the  township  near  the  middle  of 
the  south  boundary  with  a  width  of  one  chain.  A  short  distance  above  this  point 
it  is  joined  by  a  creek  lo  feet  wide  flowing  out  of  a  series  of  lakes  which  lie  abc^it 
4  miles  cast  of  tho  district  line  in  the  southerly  one  of  the  two  townships.  For  the 
lower  4  or  5  miles  of  its  course,  the  creek  makes  a  big  bend  to  the  south  into  thTS 
township,  joining  the  Frederick  House  near  the  point  where  the  north  town  line 
will   cross   that   river. 

The  eastern  two-thirds  of  the  more  northerly  townships  is  another  of  those  aress 
which  have  been  burned  over.  The  timber  is  of  little  value,  consisting  for  the  most 
part  of  a  thickot  of  spruce  and  tamarack  of  about  40  years'  growth.  About  the 
middle  of  tho  cast  side  of  this  township  there  is  a  considerable  area  of  high  land 
wood«*(I  with  thrifty  mixed  timber  of  remarkable  growth.  Some  of  the  poplar  with 
40  annual  rings  liave  here  a  diameter  of  14  inches.  Over  almost  the  whole  of  the 
area  tho  soil   is  a  good  clay,  and  for  the  most  part   the  land  is  dry. 

Tin*  land  along  the  lower  o  miles  of  the  last-mentioned  creek  has  also  a  good 
clay  soil,  Imt  it  is  much  lower.  The  timber  is  mostly  spruce,  which  along  the  creek 
will  average  12  inches  in  diamotor,  hut  at  a  distance  therefrom  is  considerably 
smaller.  To  tho  east  of  the  bond  in  the  crook,  an  extensivo^iPindfall  has  practically 
destroyed  tli(»  timber.  To  the  west  of  tho  middle  one  oi  the  three  lakes  mapped, 
there  is  a  mile  of  largo  poplar  and  birch  timber  on  high  i  clay  land*  which  is  probably 
a    remnant    of   one   of  the  glacial  ridges   of   morainic  ''origin. 

In  all  other  respects,  except  in  size  and  in  din^tion  of  flow,  the  third  of  these 
tributaries  is  a  duplicate  of  the  last.  It  has  its  cource  in  a  large  muskeg  about  2 
miles  west  of  the  centre  of  tho  township  of  Xowm  ^rket,  and  flows  in  a  northwesterly 
direction,  crossing  the  north-east  corner  of  lot  3  ii.-.  fv  fourth  conr«Hsion  of  Mann, 
and  (JalKraith's  base  lino  at  a  point  10  chains  west  of  the  4-m.  post.  It  is  about 
one-tliird  tho  size  of  tlie  more  northerly  stream.  Below  the  Base  line  the  timber  con- 
sists of  spruce  of  9  to  12  inch  size,  balsam  and  balm.  Above  this  line,  for  a  width 
of  3  miles  along  tho  creek,  the  timber  is  second-growth  of  the  same  character  anJ 
age  as  in  the  areas  previously  described.  The  largest  of  these  spruce  trees  hare  i 
diameter   of   fi    inches. 
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Between  the  144th  and  the  150th  miles  on  the  district  line,  the  Frederick  House 
river  flows  within  about  2  miles  of  the  western  side  of  its  basin.  The  soil  in  the 
western  part  of  the  basin  at  this  point  is  a  somewhat  gritty  clay  and  quite  dry.  The 
timber  is  second  growth  of  no  value,  some  of  the  poplar  only  reaching  a  size  of  8 
inches.  This  area  of  second-growth  timber  is  connected  with  the  one  in  the  north- 
east part  of  Mann  by  a  strip  of  the  same  about  60  chains  wide  in  the  fourth  concossi«>n 
of  that  township.  Beaver  lakes  have  been  described  by  Dr.  Parks  in  the  181^  Report. 
The  only  lakes  seen  in  this  part  in  addition  to  these  were  two  V-shaped  lakes  20 
chains  in  length  situated  at  distances  of  one  and  two  miles  respectively  to  the  nor^ 
of  Beaver  lakes. 

For  a  distance  of  about  one  mile  from  the  river  on  the  east  side  the  timber  it 
of  a  mixed  character,  being  young  and  not  very  large.  The  poplar  and  balm  average 
about  1  foot,  and  the  spruce  8  inches  in  diameter.  At  a  greater  distance  from  the 
river  the  timber  consists  mostly  of  8-inch  spruce.  The  only  land  not  suited  for 
agricultural  purposes  is  a  muskeg  area  about  a  mile  across  one  mile  west  of  the 
southeast  corner  of  Mann,  and  a  small  rocky  area  in  the  second  mile  north  of  this 
point. 

The  southern  portion  of  the  basin  has  a  width  to  the  west  of  the  river  of  betweeji 
2  and  3  miles,  and  to  the  east  of  about  6  miles.  A  ridge  of  white  sand,  running  fro.na 
the  middle  of  the  south  boundary  of  Little  towards  the  northwest  corner  of  that 
tovrnship,  forms  the  divide  on  the  west.  Between  this  ridge  and  the  river  for  2  miles 
Lorth  of  the  south  boundary  of  Little  the  land  is  quite  swampy  and  thinly  timbered 
:>ri  account  of  the  number  of  dead  tamarack.  Part  of  this  area,  which  was  almost 
•ntiirely  tamarack,  has  a  fair  growth  of  hay.  From  this  point  north  to  the  falls  In 
h«  township  of  Mann,  the  land  i.s  higher  and  the  timber  of  better  quality.  For 
i  distance  varying  from  a  quarter  to  half  a  mile  from  the  river  the  timber  is  largely 
;Hains  wide.  The  land  between  this  muskeg  and  another  of  about  the  same  width 
:iiaineter.  At  a  greater  distance  from  tho  river  the  timber  in  mostly  spruce  of  C  or 
*~iiich  size,  and  when  poplar  is  present  it  does  nrt  average  over  10  inches  in  diameter. 
^^  the  east  side  of  this  sand  ridge  in  lot  9  of  tho  fourth  concession  of  Little  there  is 
*  muskeg  over  half  a  mile  in  width  with  10  tVet  of  peat  in  the  deepest  part,  whioh 
"^s  in  part  at  least  a  sand  bottom.  On  the  east  side  of  this  ridge  in  the  first  coo- 
•^ssion  of  the  township  there  is  also  a  muskeg  with  about  half  tliis  w'dth. 

For  a  distance  of  2  miles  along  the  south  boundary  of  Little  from  the  southwest 
^»"Jier  there  is  an  area  of  sand  covered  with  small  jack-pine,  which  extends  nearly 
^If  a  mile  from  the  line.  On  the  north  and  east  sides  of  this  area  is  a  muskeg  3i| 
^^ins  wide.  The  land  between  this  muskeg  and  another  of  about  the  same  widtrt 
^^t  of  the  jack-pine  ridge  first  mentioned  consists  mostly  of  swamp  wooded  with 
"^»ich  spruce,  tamarack  and  scrubby  cedar.  This  part  must  be  considered  of  little 
^*ue  for  farming  purposes,  on  account  of  the  amount  of  sandy  soil  and  of  muskeg 
^"^h  sandv  bottom. 

On  the  east  the  divide  between  this  part  of  the  basin  and  that  of  the  Abitibi 
formed  by  an  area  of  sand  lying  mostly  in  Calvert  township.  This  is  the  largeit 
^^d  area  in  the  region  explored.  It  covers  nearly  all  of  the  four  western  lots  in 
^^  northern  half  of  the  township,  and  part  of  the  east  side  of  the  adjoining  town- 
^^1)  of  McCart.  Granite  and  greenstone  boulders  are  scattered  over  the  surface  i.i 
^ny  places,  and  quite  a  number  of  narrow  lakes  fill  depressions  in  the  sand.  The 
'^i^l  is  of  little  value,  but  the  area  is  fairly  well  wooded  with  tie-timber,  mostly  jack-, 
^^e  averaging  a  foot  in  diameter. 

Several  creeks  rise  in  small  lakes  in  the  southern  part  of  this  area,  or  iji' 
^^skegs  adjoining,  and  flowing  west  form  a  creek  50  feet  wide  in  the  nnddle.  if 
**cCart.  A  mile  farther  west  this  large  creek  is  joined  bv  another  whifh  flows  in  a 
^^therly  direction  from  the  northwest  corner  of  the  township  with  a  width  of  ft  feet. 
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then  bends  to  the  northeast  with  a  width  of  15  feet,  knd  crosses  the  district  line  in 
tha  155th  mile  with  &  width  of  some  30  feet.  Tho  are&  drained  by  tiTis  t-tream  hu 
»  good  clay  soil  covered  with  from  1  to  2  feet  of  mould,  and  with  a  timber  growth 
consistiiiK  mostly  of  spruce.  Along  the  Correction  line,  the  timber  averages  10  iiichss. 
and  aloiJg  the  middle  portion  of  the  creek  from  6  to  8  inches  in  diameter,  with  con- 
•iderabie   tamarack   windfall  throughout. 

From  this  stream  north  to  the  base  line,  the  soil  is  of  the  same  character,  but 
higher  and  well  drained.  The  timber  growth  is  of  mixed  kinds  and  of  a  good  site. 
A  section  of  this  area  at  a  point  about  3j  miles  from  the  base  tine  showed  over  ■ 
mile  of  this  timber  along  the  river  on  the  west  side. 

On  the  opposite  side  of  the  Frederick  House,  a  trip  made  from  Neclands  rapids 
to  tho  lf>2-m.  pest,  shuncd  (he  presence  of  about  the  same  width  of  mixed  timber, 
followed  by  spruce  woods  to  within  a  half  mile  of  the  corner,  where  the  wet  clsy 
land  changes  to  muskeg.  On  the  east  side  of  the  dixtrict  line  thero  is  almost  another 
mile  of  lO-inch  spruce.  A  trip  inland  from  near  the  point  where  this  line  ctosws 
the  rivor  was  made  through  a  narrow  margin  of  mixed  timber  and  a  mile  and  a  half 
of  B-incb   spruce  to  a  muskeg  30  chains  wide  opening  out   to  the  north. 

The  largest  of  tbe  three  tributaries  probably  has  its  source  in  a  muskeg  situated 
cne  mile  west  of  the  middle  of  the  east  boundary  of  tho  first  township  south  i>f 
Speight's  base  line,  and  east  of  the  dbtrict  line.  It  flows  about  2  miles  west,  when 
after  being  joined  by  branches  which  drain  the  northern  part  of  the  township  .t 
turns  »<harp]y  to  the  south  for  three  miles,  leaving  the  township  near  the  middle  ot 
the  south  boundary  with  a  width  of  one  cliain.  A  short  distance  above  this  poiot 
it  is  joined  by  a  creek  lo  feet  wide  flowing  out  of  a  series  of  lakes  which  lie  abolit 
4  miles  east  of  the  district  line  in  the  southerly  one  of  the  two  townships.  For  the 
lower  4  or  5  miles  of  its  course,  the  creek  makes  a  big  bend  to  tho  south  into  this 
township,  joining  the  Frederick  House  near  the  point  where  the  north  town  line 
will  cross   that  river. 

Tho  eastern  two-thirds  of  the  more  northerly  townships  is  another  of  those  arei) 
which  liavo  been  burned  over.  Tho  timber  is  of  little  value,  consisting  for  the  moit 
part  of  ji  thicket  of  spruce  mid  tamarack  of  about  40  years'  growth.  About  tbe 
middle  of  the  east  side  of  this  township  there  is  n  considerable  area  of  high  land 
woodi'd  with  thrifty  mixed  timber  of  remarkable  growth.  Some  of  the  poplar  with 
4(1  annual  vinRS  have  here  a  diameter  ot  14  inches.  Over  almost  the  whole  of  dM 
area  the  soil   is  a  good  clay,  and  for  the  moat  part  the  Innd  is  dry. 

The  land   along   the   lower   5  miles   of    the   last -mentioned    creek   has   also  ft  ) 
clay  soil,   biLt   it   is  much  lower.      The  timber   is  mo.stly   spruce,   which   along  the  e 
will   averBgc  12    inches   in    diameter,     but    nt     a    distapco    theref>-ol 
smaller.     To  the  enst  of  tho  bend  in   the  creek,  an  extensiv^^indfall   has  pn 
destroyed   the  tinLber.      To    the   west   of   tho   middle    one   o^   the  three   lakes  | 
there  is  a  mile  of  large  poplar  and  birch   timbi'i-  (in   IiiliI  i'  clny  land,   ivhich   Ut 
a    remnant   of   one  of  the   glacial  ridges   of   iiiorairnc   '  .jrigin. 

In  all  other   respects,  except   in   siie  and   in    iliii  ,,£.tion  of  flow. 
trihutarieii  is  a  duplicate  of   the  last.        It   has   its      source   in   a  iargp 
miles  west  of  the  centre  of  the  township  of   Xcwm  '^rket,  a'ld  flow* 
direction,  crossing  the  north-east  corner  of  lot  3  n;    .'i.     !onr*' 
and  Galbraitb's  bnso  line  at  a  point    10    chains    west  ai  ^|#' 
Mio-third  the  size  of  tho  more  northerly  stream.     Relow   t^ 
■itts  of  spruce  of  Q   to  12   inch  size,  balsam  and   lnljti 
of  3   miles   along   the   creek,   the  timber   is  •■ 
age  AS   in   tho  areas  previously   described, 
diameter   of   6   inches. 
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Botween  the  Ulth  and  the  loOth  mites  on  the  district  iiiie,  the  Frederick  House 
river  flows  within  about  2  niiles  of  the  wosteru  side  of  its  basin.  TIic  Kuil  in  tli9 
vestern  part  of  tlie  basin  at  tliis  point  ia  a  suinnwhat  gritty  clay  and  quite  dry.  Tbe 
timber  is  soc-ond  giowtli  uf  no  value,  some  of  tlic  poplar  only  rcai'hiiig  a  siite  of  8 
indies.  This  area  uf  sccoiid-gron  th  timber  is  couiiocted  with  the  one  in  the  north- 
iast  part  of  Mann  by  a  i<trip  of  the  same  about  60  chains  wide  in  the  fourth  conccsiiijn 
•f  that  toivnsliip.  Beaver  lakes  have  been  described  by  Dr.  Parks  in  the  18!)!}  Report. 
I'he  only  lakes  sotin  in  this  pnrt  in  addition  to  tht'xu  were  two  V-shnpi-d  Uki'S  SU 
:h&iD5  in  length  situated  at  distances  of  one  and  tiio  miles  respectively  to  the  aorik 
>f  Beaver  lakes. 

For  a  distance  of  about  one  mile  from  the  river  on  the  east  side  the  timber  i« 
>f  a  mixed  character,  being  yonng  and  not  very  laige.  The  poplar  and  balm  atcra^ii 
)I)Out  1  foot,  and  the  spruce  8  inches  in  diameter.  At  a  K<^eater  distance  from  the 
-iver  the  timber  consists  mostly  of  8-inch  spruce.  The  only  laud  not  suited  for 
(grieultiirul  purposes  is  a  mut^kcK  area  about  a  mile  across  one  mile  west  uf  the 
xiutheast   corner  of   Mann,   anil  a  small  rocky  area   in   the   second  mile   north   of  this 

The  southern  portion  of  the  basin  has  a  width  to  tliu  west  of  the  river  of  belwe^ji 
!  Slid  3  miles,  and  to  the  east  of  aliout  G  miles.  .A  ridge  uf  ivhito  saml.  runnini;  fro™ 
he  middle  of  the  .south  boundary  of  Little  touards  the  northwest  corner  of  That 
:ownship,  forms  the  divide  un  the  west.  Bctwi-cit  this  ridge  nnd  the  river  for  3  uiihK 
.orth  of  the  south  boundary  of  Little  the  land  is  (jiiilo  swampy  and  thinly  timSer«d 
m  account  of  the  number  of  dead  laiuarnck.  Part  of  this  nroii,  which  ira*  •lnin»l 
'ntircly  tamarack,  has  a  fair  growth  of  hiiy.  From  this  point  north  to  thi'  f»U*  ■■ 
he  toiinsliip  of  Mann,  thi'  land  is  hislier  and  the  tijiibcr  uf  lietter  quality.  For 
1  di.stancc  varyinR  from  a  (juarUT  to  half  a  mile  from  tlip  river  the  timhrr  l^  l«:^l» 
hnins   wide.  Tim  land  between  this   muski-R  and  another  of  about  ibf  *an:i^  "Mltli 

'lameter.  At  a  greater  distance  from  th"  river  the  timlier  is  mostly  tprvec  of  f'  :t 
!-inch  .siz<\  and  when  poplnr  is  present  it  dues  m  t  avernf-e  over  10  inchn  in  di.imejer, 
>ii  tlie  cast  side  of  this  sand  ridiie  in  lot  0  of  the  fourth  concession  of  Little  there  ii 
1  muskeg  over  hall'  a  mile  in  ^idth  with  HI  I'let  of  peat  in  the  dl'op>'^t  p.ir:.  wbii-ii 
lU  in  part  at  lea-it  a  sand  bottom.  On  the  e;ist  side  of  this  ride*  ""  ''■''  ^""'■t  coo- 
«lsion  of  the  township  there  is  also  a  muskeg  with  about  half  Ibii'  r-dtli. 

For  a  distance  of  2  miles  along  the  south  boundary  of  LittI*  from  the  •muthwest 
nrner  there  ia  an  area  of  sand  covered  with  small  juk-piBC.  which  extends  nenrlv 
alf  a  mile  from  the  line.  On  the  north  and  eait  Mm  sf  (Ui  an*  is  ■  muskeT  .Vi 
lisiiu  wide.  The  Und  between  this  muskes  and  ■nirtbir  al  ahmt  tbe  snme  iv7dtH 
ick-pine  ridge  fint^m^gadjug^^^Mtll' gf  mmp  wooded  with 
tta  considered  of  little 
■^mT  and  of  musk,-,- 


196  Bureau  of  Mines  No.  5 


and  onpties  into  a  lake  half  a  mile  long  near  the  junction  of  the  two  streama  with 
a  width  of  20  feet.  The  combined  stream  flows  west  through  the  second  concessiou 
aear  the  south  end  of  the  lots  and  enters  the  Frederick  House  north  of  the  island 
in  the  river,  with  a  width  of  about  a  chain. 

Qood  Spruce  and  Birch 

The  land  drained  by  these  streams  is  the  best  timbered  portion  of  the  Frederick 
House  basin.  Over  the  whole  area  the  spruce  will  average  10  inches  in  diameter, 
while  about  the  junction  of  the  two  streams  is  a  very  fine  area  of  birch  which  will 
a\erage  18  inches.  This  grows  on  two  ridges,  which  are  probably  moraines,  one  to 
the  south  of  the  junction  and  the  other  between  the  two  streams.  The  more  southerly 
•ne  has  a  steep  slope  to  the  north  and  a  height  of  about  60  feet.  With  the  exception 
•f  these  stony  areas  the  soil  is  good. 

Along  the  boundary   between  Little  and  McCart,   there  is   mixed    timber    in   the 

second  concession,  and  in  the  third  spruce  from  6  to  12  inches  in  diameter,  while  the 

fourth  is  muskeg,  with  a  depth  of  8  feet  of  peat.    A  trip  inland  from  the  river  along 

the  tie-line  showed  in  this  part  of  Little,  a  narrow  margin  of  poplar  and  balm,  followed 

'by  good-sized  spruce  to  the  muskeg  near  the  east  boundary  of  the  township. 

Rocks  on  tlie  Frederick  House 

The  rocks  outcropping  along  the  Frederick  House  river  have  been  described  ia 
a  previous  report  by  Dr.  Parks. 3     Theso  may  simply  be  enumerated  here  as  follows  : 

An  outcrop  of  mica  schist  at  Neeland's  rapids. 

Diorite  and  a  fine-grained  schist  below  the  three  portages. 

A  serpentine  rock  at  the  three  rapids. 

Diorite,  diorite  porphyrite,  and  a  fine  gray  silicious  schist  at  the  falls. 

In  addition  to  these  the  following  outcrops  were  examined  within  the  riirer 
basin : 

A  short  distance  up  the  large  tributary  which  enters  the  Frederick  House  from 
the  east,  there  occurs  an  outcrop  of  schistose  greenstone  with  glaciated  surface,  the 
strisB  running  8.   10*^  E.,  which  proved  upon   examination  to  be  a  weathered   gabbro. 

In  the  middle  of  lot  2  on  the  north  boundary  of  Mann  there  is  an  outcrop  ')i 
kcrnblonde  grauito,  which  is  badly  weathered  on  the  surface. 

A  weathered  greenstone  in  which  aggregates  of  serpentine  and  considerable 
magnetite  are  plainly  seen,  outcrops  between  lots  8  and  9  in  the  fourth  concession 
oi  Mann.  This  is  evidently  a  rock  of  the  same  character  as  that  at  the  rapids,  a 
couple  of  miles  distant,  on  the  river. 

At  dist.iiices  of  14,  2i  and  40  chains,  respectiv^ely,  on  the  line  running  north 
from  the  post  for  lots  2  and  3  in  the  first  and  second  concessions  of  Mann,  there  are 
low  ridges  of  diorite.  The  soil  between  these  ridges  is  stoney,  with  boulders  of 
augen-gnciss  and  Rreonstone  scattered  over  the  surface  in   places. 

A  ridge  of  eruptive  greenstone,  a  quarter  of  a  mile  in  width,  crosses  Speight's 
tie  line  in  lot  7,  and  runs  north  of  the  post  between  lots  4  and  5  on  the  north 
boundary  of  McCart.  Samples  of  a  very  similar  rock  were  brought  in  by  Mr. 
Henderson  from  a  high  hill  on  the  south  boundary  of  the  township   in   lot  6. 

A  bluish  quartzose  schist,  rusty  in  places,  and  containing  pyrite,  magnefite,  and 
a  white  mineral — apparently  a  product  of  decomposition — outcrops  on  the  east  side 
of  lot  10  at  a  point  16  chains  north  of  the  line  between  concessions  one  and  two  ol' 
the  township  of  Little.  The  strike  of  this  rock  appeared  to  be  about  N.  10®  W. 
Diorite  schist  was  seen  at  a  point  about  30  chains  south  of  the  last  outcrop,  but 
whether  this  was  in  place  or  only  a  loose  mass  could  not  be  determined. 


3  Bighth  Rep.  Bar.  Mines,  p.  178. 
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On  the  Frederick  House  river  between   the   lake   of  the  same  name   and   Night 
Hawk  lake   two  outcrops  which   have  not  been  reported  occur  on  the  east   bank  at 
cUstanoes  of  two  miles  above  the  first  and  of  two  miles  below  the  latter  lake  respec- 
tively.    These  rocks  consist  of  green  schist,   the  one  nearest  Night  Hawk  lake  con- 
tcining  large  crystals  of  pyrite. 

The  Abitibi  Basin 

The  basin  of  the  Abitibi  differs  from  that  of  the  Frederick  House,  mainly  in 
Lining  at  a  goeater  elevation  above  the  level  of  the  river.  As  a  result,  the  creeks 
tributary  to  the  Abitibi  have  cut  deep  ravines  to  distances  from  the  river  varying 
from  2  to  7  miles  according  to  the  size  of  the  stream.  This  is  particularly  true 
of  the  central  part  of  the  basin,  where  the  creeks  entering  the  Abitibi  below  Iroquois 

falls  have  ravines  from  60  to  100  feet  deep  at  distances  of  a  mile  or  more  from  the  river, 
while  the  Misto-ogo  river  and  the  large  creek  a  short  distance  to  the  west  at  distances 
of  6  or  7  miles  in  a  straight  line  from  the  river  have  ravines  30  feet  deep. 

A  Well  Timbered  Region 

This,  coupled  with  the  fact  that  the  trees  are  here  of  greater  age,  has  led  to 
a  much  better  growth  of  timber  than  in  the  parts  previously  described.  The  mixed 
tunber,  consisting  partly  of  poplar  and  balm  and  partly  of  spruce  and  balsam,  which 
rarely  reaches  to  more  than  half  a  mile  from  the  Frederick  House,  extends  on  either 
side  of  the  Abitibi  for  an  average  distance  of  3  miles. 

The  poplar  and  balm  are  fine  timber  of  their  class.     The  trees  are  thrifty,  from  60 

^  80  feet  in  height,  and  sometimes  reach  a  diameter  of  3  feet.     The  average  diameter 

noted  varied  from  15  to  20  inches.     Probably  in  the  portion  of  the  basin  covered  with 

^his  class  of  timber,  18  inches  would  be  about  the  average.     The  spruce  grows  to  a 

greater  height  but  rarely  reaches  a  diameter  exceeding  2  feet.     The  average  diameters 

"oted  for  this  tree  varied  from  12  to  16  inches,  the  larger  dimensions  being  found  *q 

Pi'Oximity  to  the  streams.     The  relative  size  of  the  spruce  to  that  of  the  other  timber 

^ould  be  as  15  is  to  18.     The  balsam  have  a  slightly  less  diameter  than  the  spruce^ 

^i^cl  a  height  about  equal  to  that  of  the  poplar.     Some  cedar  grows  along  the  rivor 

^^xiks,  but  it  never  attains  a  great  height  and  tapers  rapidly  from  the  rather  large 

^i« meter  of  12  to  18  inches  at  the  butt.     It  will  be  of  little  value  except  for  fence 

Posts. 

In  the  southern  tier  of  township  from  Calvert  to  Knox  there  are  extensive 
^  ^xidfalls,  which  lessen  the  value  of  the  timber  to  a  considerable  extent.  The  timber 
^Ixich  has  suffered  most  from  the  violence  of  the  wind  is  the  balsam.  These  trees 
^^^  easily  uprooted  and  in  some  of  the  more  exposed  parts  almost  all  are  over- 
^^i^ned.  Where  this  is  the  case  many  of  the  other  trees  are  either  broken  off  or  up- 
rooted, and  in  some  parts  only  isolated  poplar  or  spruce  remain.  These  open  areas 
^^o  grown  up  with  a  tangle  of  second  growth,  berry  bushes,  mountain  maple  and 
^^^«r.  Travelling  across  these  areas  is  very  laborious,  but  in  season  tfa^re  is  many 
^  cielicious  handful  of  raspberries,  gooseberries  and  red  currants  as  a  reward  for  the 
i'^destrian's  toil. 

Qood  Clay  Soil 

Over  almost  the  entire  basin  the  soil  is  a  good  quality  of  clay.     For  the  greater 

^^»^  of  the  three  miles  on   either  side  of  the  river,  it  is  well  drained  by  the  many 

^r^eks   which    have   cut    channels    at    right    angles    to    the  course  of  the  river.     At  a 

^''^ater  distance  from  the  river  than  this,  there  are  several  areas  of  wet  clay  land. 

^'Hose  areas  are  not  of  a  less  elevation  than  the  well-drained  parts;  but   on  account 

^  their  level  nature  the  water  does  not  readily  flow  off  them,  at  least  in  their  present 

**>nhered  condition. 
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In  tL  upper  part  of  the  basin,  between  Couchiching  falls  and  lake  Abitibi,  thougm 
the  land  is  comparatively  flat,  it  is  well  adapted  for  farming.  The  poplar  and 
spruce  on  the  north  side  of  the  river  average  about  15  inches  in  diameter. 

The  Dokis  River 

The  largest  tributary  in  this  part,  which  is  called  the  Dokis  river  by  some 
because  a  hunter  named  Honry  Dokis  lives  in  a  log  cabin  near  its  mouth,  crosses 
Bobertson's  base  line  at  4  m.  30  c.  with  a  width  of  20  feet,  and  flowing  north  joint 
the  Abitibi  with  a  width  of  60  feet  near  the  centre  of  the  township.  This  stream, 
which  is  navigable  for  about  half  the  distance  to  the  base  line,  flows  throughi  good 
clay  land  wooded  with  lO-inch  poplar  and  balm,  and  12-inch  spruce. 

Another  large  tributary  rises  near  the  southeast  corner  of  the  township,  and 
flows  north  to  j'  in  the  Abitibi  about  a  mile  east  of  the  other  with  a  width  of  50  feet. 
A  trip  to  the  river  a  short  distance  east  of  this  stream  showed  the  presence  of  largo 
poplar,  balm  and  spruce  for  the  last  2  miles.  Two  smaller  streams  which  are  navi- 
gable for  only  short  distances  enter,  one  on  either  side  of  the  river,  about  a  mile 
west  of  the  first. 

On  the  point  to  the  east  of  the  outlet  of  Abitibi  lake  there  is  an  area  of  red 
pine,  covering  between  a  quarter  and  half  a  section.  This  is  the  largest  area  of  red 
pine  in  the  region. 

The  shore  of  the  lake  about  the  outlet  and  for  two  miles  to  the  northwest  is 
^quite  sandy.  About  the  head  of  the  bay  to  the  north  of  this,  which  is  two  miles 
wide,  is  an  area  of  dry  tamarack,  which  appears  to  be  low  and  swampy.  Between 
this  large  bay  and  the  next,  four  miles  to  the  north,  the  shore  is  stony  and  wooded 
with  mixed  timber,  with  the  exception  of  two  small  areas  of  spruce  flat  about  two 
intervening  bays.  Between  this  bay  and  the  point  where  Galbraith*s  base  line  meets 
the  Irko,  tho  -bore  is  rocky.  G:acial  striae,  running  S.  15°  K.,  are  shown  on  a  small 
inland  of  greenstone  about  2  miles  out  from  the  end  of  the  line. 

At  the  north  end  of  the  projecting  point  to  the  southeast  of  the  line  there  is  a 
chlorite  schist  striking  west,  and  a  small  island  of  sericite  schist  off  this  poiut. 
Green  schist  outcrops  near  the  end  of  the  lino  and  at  41  m.  30  c.  there  is  an  outcrop 
of  massive  greenstone. 

The  first  three  miles  north  of  the  Abitibi  river  along  Galbraith's  first  base  line 
IS  good  clay  land  wooded  with  mixed  timber  of  large  size,  in  which  there  is  some 
windfall.  The  next  00  chains  passes  through  a  muskeg  with  8  to  9  feet  of  peat. 
North  of  this  is  60  chains  of  land  similar  to  the  first  3  miles.  In  the  northern  hil' 
of  ih<-  on.li  ii;ilo  tlie  line  crosses  a  beautiful  clear  water  lake  about  half  a  mile  in 
length,  wliic.h  is  surrounded  on  the  south  and  west  by  a  sand  area  timbered  with 
jack-i>;Ho  of  12  fo  KJ-inch  size.  A  creek  with  highly  ferruginous  water  flows  from  t\ 
small  <iuaking  bog  a  short  distance  north  of  the  lake.  The  only  probablo  source  of 
!!i.'  iron  apiiearod  to  bo  pyrites  in  the  "unoipiliiii;  sand.  The  next  two  milos  are  of 
rcther  poor  cliaracter  as  far  as  soil  and  timber  are  concerned.  Several  low  ridges 
of  sand  run  east  and  west  through  spruce  swamp,  with  a  sand  bottom.  These  have 
the  apj)earan(e  of  ha\  ing  been  formed  on  the  shore  of  a  lake. 

Snmll  d  ps  were  w  ted  at  several  points  in  this  swamp,  the  largest  being  12'',  but 
nothing  capable  of   influencing  the   needle   was  seen. 

The  Dokis  river  flows  east  along  the  base  line  for  two  miles,  then  turns  sharply  ta 
the  south  along  the  meridian  for  over  a  mile  before  turning  again  to  the  east  and 
crossing  that  line.  It  has  here  a  width  of  20  feet;  hut  must  increase  rapidly  in  sise, 
as  it  is  reported  to  have  a  width  of  nearly  two  chains  where  it  crosses  the  base  lin* 
in  the  40th  mile.  The  spruce  in  this  part  avera^^es  6  inches,  and  the  poplar  where 
present  only  8  inches  in  diameter.  A  few  large  spruce — evidently  first-growth  timber 
—occur   close  to  the   stream. 
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Greenstone  Ridges 

The  southeast  corner  of  the  township  of  Knox  is  broken  up  by  ridges  of  green- 
it  one  which  run  nearly  east  and  west.  Several  low  ridges  cross  the  meridian  for 
a  quarter  of  a  mile  on  either  side  of  the  4S-m.  post,  while  another  outcrop  occurs 
at  the  44-m.  post  on  that  line.  Several  outcrops  also  occur,  at  inten^als  of  half  a 
mile  or  less,  on  the  south  boundary  of  the  township  in  lots  A,  1,  2,  3  and  4.  Near 
the  northwest  corner  of  lot  4  in  the  first  concession  the  same  kind  of  rock  forms 
a  hill  nearly  200  feet  hrgh».  Nearly  half  a  mile  north  of  this  hill  still  another  outcrop 
was  seen. 

This  greenstone  varies  somewhat  in  the  different  outcrops,  but  is  evidently  one 
•ruptive  mass.  It  contains  considerable  pyrite  near  the  4d-m.  post  on  the  meridian, 
and  stringers  of  quarts  near  the  35-m.  post  on  the  Base  up  to  this  line.  In  somo  places 
it  is  distinctly  schistose,  while  in  other  parts  no  trace  of  schistosity  is  seen. 

The  soil  is  composed  partly  of  low  sand  ridges  and  partly  of  level  clay  land. 
The  d6th  mile  on  the  base  line  in  almost  entirely  clay,  wooded  with  large  mixed 
timber.  A  photograph  was  taken  of  some  fine  poplar  in  this  mile.  The  other  m'les 
along  the  merfdian  and  base  lines  are  more  broken,  but  there  is  some  good  land  in 
each.  The  two  miles  of  country  between  this  rocky  area  and  the  Abitibi,  with  the 
exception  of  a  small  area  of  sand  surrounding  two  little  lakes  on  the  meridian,  ha^ 
a  good  clay  soil  and  is  wooded  with  marginal  timber  of  large  size. 

In  the  first  mile  north  of  the  greenstone  hill  in  lot  4  there  is  considerable  balsam 
windfall. 

A  large  creek  flows  from  this  area  in  a  northwesterly  direction  to* join  the  Abitibi 
in  lot  5.  Where  crossed  at  a  point  one  mile  distant  from  the  river,  it  flowed  in  a 
lavine  30  feet  deep  and  had  a  width  of  12  feet. 

A  second  creek,  identical  with  the  last  in  respect  to  size  and  depth  of  ravine 
flows  from  the  eastern  side  of  Rickard  township,  and  joins  the  Abitibi  in  lot  11  of 
Knox.  The  first  two  and  a  half  miles  south  from  the  river  are  marginal  in  character, 
and  the  remaining  2  miles  to  the  boundary  are  level  spruce  land.  The  soil  is  clay 
throughout.  The  presence  of  rounded  stones  and  gritty  material  within  the  clay  at 
a  distance  of  half  a  mile  from  the  river,  points  to  part  of  it  at  least  being  of  glacial 
origin. 

On  the  south  town-line  of  Rickard,  the  first  mile  east  of  the  centre  is  mostly 
muskeg  with  a  depth  of  8  feet  of  peat.  From  the  middle  of  this  mile  north  to  the 
Abitibi  at  the  foot  of  the  Crooked  rapids  the  country  is  similar  to  that  on  the  east 
of  the  township.  The  spruce  in  the  first  2  miles  is  somewhat  larger,  varying  from 
6  to  12  inches  in  diameter,  and  in  the  next  mile  and  a  half  the  windfall  is  more 
extensive  than  on  the  eastern  side  of  the  township. 

At  this  point  a  ridge  of  greenstone,  running  east  and  west,  was  crossed,  and  from 
here  to  the  river  the  timber  is  very  large,  the  poplar  averaging  20  inches  and  thi 
spruce  16  inches  in  diameter.  About  a  quarter  of  a  mile  below  these  rapids,  a  creek 
ef  20  feet  enters  the  Abitibi  on  the  south  side.  This  creek  has  produced  a  ravine 
of  much  greater  depth  than  the  other  tributaries  above.  In  the  bed  of  this  stream 
■t   a   distance  of  8  chains  from  the  river  another  outcrop  of  greenstone  occurs. 

On  the  west  side  of  Rickard  a  ridge  of  glacial  material  extends,  from  lot  10  in 
the  fi»'Rt  cocession,  across  the  meridian  in  the  fourth  mile  and  the  Abitibi  river  in 
the  northeast  corner  of  Teefy,  into  the  township  of  Edwards  for  a  distance  of  over 
a  mile.  There  is  a  narrow  lake,  half  a  mile  in  length,  with  an  outlet  to  the  south- 
west at  the  south  end  of  the  ridge.  That  this  ridge,  which  is  quite  low  at  this  point, 
las  along  the  meridian  a  heiirht  of  about  70  feet,  is  shown  by  the  depth  to  which  a 
small  creek  which  drains  two  or  more  small  lakes  has  cut  through  the  sand.  Th^'s 
fa  the  only  point  where  anything  like  a  cross-section  of  one  of  these  ridges  could  be 
lAtained.     The  eroding  action  of  the  stream  has  produced  a  ravine  with  exceedingly 
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8teep  sides  composed  almost  entirely  of  white  sand.  The  underlying  clay  now  forms 
the  bed  of  the  stream.  The  width  of  the  ridge  raries  from  a  few  chains  at  the  south  ti 
over  half  a  mile  at  Ihe  north  end. 

South  and  west  of  the  lakes  along  the  meridian  the  timber  is  second  growth,  but 
over  the  remainder  of  the  area  there  is  a  growth  of  jack-pine,  spruce  and  birch  of 
fair  size.  To  the  west  of  the  ridge  the  soil  is  clay,  timbered  with  spruce  and  pedlar, 
some  of  which  reaches  a  diameter  of  ever  2  feet.  The  south  half  of  lot  9  in  the  second 
concossion  is  mostly  muskeg;  but  for  the  d^  miles  north  of  the  Abitibi  the  land  is 
all  high,  with  a  goml  clay  soil  and  mixed  timber,  with  an  average  -diameter  of  12  to 
lb  inches.  Along  the  river  bank,  which  is  at  this  point  from  70  to  80  feet  high, 
considerable  balm  accompanies  the  poplar  and  spruce.  In  what  would  be  lot  9  in  the 
third  concession,  after  the  subdivision  of  the  township,  there  are  two  outcrops  of 
pyritiferous  greenstone,  mu?h  resembling  the  rock  on  the  Abitibi  at  the  Two 
Portages. 

Tributaries  of  tlie  Abitibi 

Next  to  the  Black  river,  the  two  largest  tributaries  of  the  Abitibi  enter  that 
river  from  the  north  in  lot  9  of  the  sixth  concession  of  Rickard.  The  larger  of  t^es'i 
IS  known  as  the  Misto-ogo  river,  and  has  been  described  by  Mr.  Coulthard.4  Tfie 
other,  which  enters  the  Abitibi  some  20  or  80*  chains  below  the  mouth  of  the  Misto- 
ogo,  has  not  been  previously  described.  Both  have  their  source  in  the  country  north 
of  Galbraith's  base  line,  the  Misto-ogo  to  the  northeast  of  the  farthest  corner  of 
^^  osley,  and  the  ^ther  to  the  northwest  of  the  northwest  corner  of  that  townsbtip. 

The  Misto-ogo  river  crosses  the  base  line  a  little  east  of  the  middle  of  the  31st 
mile,  and  enters  the  tow^nship  of  Wesley  about  one  mile  south  of  that  line  with  ii 
\;idth  of  40  feet.  About  a  mile  down  from  this  last  point  it  is  joined  by  a  cr^k  12 
or  more  feet  wide,  which  flows  from  the  west.  The  river  is  navigable  for  canoes  as 
tar  as  this  point,  that  is,  to  within  about  2  miles  of  the  base  line,  and  by  dixit  of 
much  lifting  over  driftwood,  the  line  itself  may  be  reached.  It  was  crossed,  in  what 
would  after  subdivision  bo  lot  9,  at  a  distance  of  2  miles  and  a  quarter  from  the  south 
of  the  township.  It  was  here  flowing  west  in  a  ravine  at  least  40  feet  deep,  and  had 
a  width  of  one  chain  and  a  depth  of  4  feet. 

• 

The  more  westerly  creek  crosses  the  same  base  line  near  the  middle  of  the  2drd 
mile,  with  a  width  of  15  feet.  It  flows  southeast  in  a  beautiful  valley  about  10  chains 
wide  and  30  feet  deep,  and  crosses  the  meridian  near  the  11-m.  post. 

A  creek  10  feet  wide,  which  crosses  the  meridian  12  chains  south  of  the  10-m. 
post,  forms  a  junction  with  the  main  stream  about  half  a  mile  to  the  east  of  this 
line,  and  from  this  point  to  its  mouth  the  ccurse  of  the  stream  is  nearly  south.  A 
traverse  of  the  lower  2^  miles  as  far  as  a  log  jam  indicated  that  the  general  course 
of  this  part  of  the  stream  was  a  few  degrees  east  of  south.  The  depth  of  water  in  the 
lower  part  is  from  1  to  3  feet;  and  the  width  is  one  chain.  Above  the  log  jam  ther?> 
appeared  to  be  a  considerable  narrowing  of  the  stream.  At  a  distance  of  half  a  mile 
from  the  mouth  tliere  is  an  outcrop  of  greenstone  on  the  right  bank  at  the  water's 
edge. 

The  portion  of  the  Abitibi  basin  drained  by  these  two  streams  may  be  divided 
into  three  parts :  (1 )  a  river  marginal  portion  in  the  southwest  of  Wesley  township  ; 
(2)  a  portion  which  is  grown  over  with  second-growth  timber  reaching  diagonally 
across  the  township  in  a  northwest  direction,  and  a  third  portion,  consisting  largely 
of  spruce  woods,  in  the  northeast  of  the  township. 

The  river  marginal  portion  extends  along  the  west  boundary  of  Wesley  from  the 
Abitibi  river  to  the  middle  of  the  township.  Four  miles  east  of  this  it  extends  only 
one  mile  into  the  township,  or  to  a  little  over  2  miles  from  the  river. 

4  Beport  of  Survey  and  Exploration  of  Northern  Ontario,  1900,  p.  45. 
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The  area  of  second-growth  timber  reaches  to  thie  Abitibi,  from  the  bend  in  the 
riTor  at  the  island  portage  to  a  point  a  short  distance  east  of  the  township  of 
Wesley.  It  has  here  a  width  of  2  miles,  stretching  inland  to  a  muskeg  in  the  second 
■lile  on  the  east  side  of  Wesley.  It  extends  with  a  nearly  uniform  width/  across  the 
middle  portion  of  the  Misto-ogo  valley,  and  along  the  two  branches  of  the  more 
western  stream  beyond  the  base  line.  This  area  was  burned  over  about  35  years 
ago,  and  the  oldest  trees  are  therefore  about  30  years  of  age.  Along  the  streams 
the  timber  growth  consists  almost  entirely  of  small  poplar,  usually  from  1  to  5  inches 
in  diameter.  In  a  few  places,  however,  trees  of  10  inches  were  seen.  The  valley  men- 
tioned in  the  northldast  oomer  cf  Edwards  and  the  surrounding  parts  contain  only 
a  very  few  scattered  poplar  and  spruce,  and  are  in  their  present  condition  almost  ready 
for  the  plow.  Some  of  the  land  along  the  Misto-ogo  is  hardly  less  open.  These  areas 
are  mostly  grass-covered.  The  other  extreme  however  is  reached  in  those  portions 
removed  frmn  the  streams.  These  are  quite  level,  and  for  the  most  part  grown  over 
with  a  thicket  of  small  spruce,  alder  and  tamarack,  through  which  it  is  almost  a 
burrowing  operation   to  pass. 

In  the  upper  portion  of  the  Mistoogo  basin,  the  timber  along  the  streams  con- 
s^ists  of  poplar,  spruce  and  balsam.     The  largest  timber  grows  along  the  creek  which 

flows  east  at  a  point  one  mile  south  of  the  28-m.  post  on  the  base  line,  and  has  already 
been  described.  The  poplar  here  averages  18  inches  and  the  spruce  15  inches,  and  this 
i«  at  a  distance  of  6  miles  from  the  Abitibi.  But  over  the  greater  part  of  this  tract 
the  timber  consists  almost  entirely  of  spruce  from  6  to  10  inches  in  size. 

The  soil  over  the  whole  of  this  region  is  clay,  witb)  the  exception  of  a  few  narrow 
muskegs  within  the  areas  of  spruce  woods.  Good  drainage  is  secured  to  almost  the 
whole  by  these  two  large  streams  and  their  branches;  while,  as  has  been  pointed  out, 
seme  parts  along  these  streams  could  be  cleared  with  little  difficulty. 

Effects  of  Imperfect  Drainage 

The  greater  part  of  the  township  of  Edwards,  and  the  northeHstern  part  o^ 
Aurora,  is  typical  of  those  areas  situated  at  such  a  distance  from  the  river  that  few 
or  no  streams  have  cut  ravines  through  them.  A  muskeg  with  a  depth  of  5  to  6  feet 
of  peat  at  a  distance  of  half  a  mile  from  the  edge  occupies  the  greater  part  of  what 
would  be  after  subdivision,  lots  4  and  5  in  the  second,  third  and  south  half  of  the 
fourh  concessions  of  the  township  of  Edwards;  while  another  occupies  lot  9  in  the  fifth 
concession.  In  these  muskegs  several  streams  take  their  rise,  and  flow,  through  flat 
clay  land  wooded  with  spruce,  on  the  one  hand  east  to  the  large  creek  in  the  region 
just  described,  and  on  the  other  southwest  or  west  to  the  Abitibi  river.  One  of  these 
flows  northwest  from  the  muskeg  in  the  fifth  concesssion  and  crosses  the  base  line 
in  the  19th  mile  with  a  width  of  8  feet.  Two  creeks,  each  6  feet  in  width,  which  flo# 
through  spruce  woods  near  the  middle  of  the  line  between  Edwards  and  Aurora, 
unite  half  a  mile  to  the  west,  to  form  a  creek  10  feet  wide,  which  flows  west  to  the 
Abitibi  in  a  ravine  20  feet  deep.  Another  of  the  same  width  flows  south  in  lot  9 
through  the  first  two  concessions  of  Edwards  in  a  ravine,  increasing  in  depth  to 
30  feet  at  the  town-line  of  Teefy,  and  to  60  or  more  in  that  township  before  joining 
the  Abitibi  river  below  Iroquois  falls. 

Along  these  creeks  some  poplar  is  usually  present  with  the  spruce,  but  over  the 
central  portions  of  the  area  the  timber  is  mostly  spruce  averaging  from  8  to  10  inches 
in  diameter,  accompanied  by  some  balsam  on  the  higher  part«,  and  by  dry  tamarack 
▼'hiere  the  land  is  very  level. 

The  soil  is  clay  throughout  the  area.  Tn  the  spruce  woods  it  is  covered  with 
one  to  two  feet  of  moss  and  mould.  But  in  the  parts  where  tamarack  is  also  present, 
though  the  land  may  be  quite  wet,  only  a  few  inches  of  moss  covers  the  soil. 
Whether  this  is  a  natural  condition,  or  the  result  of  the  sun's  rays  gaining  access  to  the 
ponnd  since  the  killing  of  the  tamarack,  is  not  easily  determined,  but  I  am  inclined 
to  think  the  latter  is  the  case. 


204  Bureau  of  Mines  No.  5 


Rock  Outcropping^ 

Several  outcrops  of  greenstone  and  of  green  schist  occur  within  this  area.  A 
low  hill  of  green  schist  crosses  the  base  line  a  quarter  of  a  mile  west  of  the  22-m.  post. 
The  rock,  which  has  a  strike  north  and  south,  and  a  dip  nearly  vertical,  contains  smal 
■lasses  of  quartz,  which  have  been  pressed  out  by  the  shearing  action  that  gave  thi 
rock  its  structure. 

Ilunnin^  S.  18^  W.  from  a  point  nearly  2  miles  south  of  the  19-m.  post  on  th« 
same  line,  there  is  a  dike  cf  granite  10  feet  wide  in  mica  schist  or  Huronian  gniess, 
with  pyritiferous  greenstone  on  either  side.  Thds  dike  was  noticed  at  two  points 
nearly  2  miles  apart.  At  the  more  northerly  point  no  gneiss  was  seen,  and  the  dike 
of  granite  formed  the  east  side  of  a  ridge  of  the  same  greenstone. 

At  a  point  2  miles  north  of  the  post  on  the  townline  of  Teefy  for  lots  8  and  t, 
there  is  a  hill  about  100  feet  high  composed  of  green  schist  or  a  schistose  greenstone, 
and  at  a  point  30  chains  east  of  this  hill  an  outcrop  of  greenstone — ^probably  a  diabase. 

Teefy,  Calvert,  Aurora 

As  a  whole  the  township  of  Teefy  is  perhaps  the  best  wooded  in  the  region. 
I'ractically  the  whiole  township  is  timbered  with  poplar  with  an  average  diameter  ot 
18  to  20  inches,  spruce  with  an  average  diameter  of  12  to  15  inches,  balsam  and  birch. 
The  soil  is  good,  but  somewhat  cut  up  by  ravines.  A  branch  of  the  one  previouelj 
mentioned  in  the  northeast  corner  of  the  township  has  in  lot  8  of  the  sixth  concession 
a  depth  of  about  60  feet.  On  the  east  side  of  the  township,  both  above  and  below  th4 
Two  Portages,  there  are  several  others,  not  however  so  deep.  In  th«  southern  pare 
of  the  township,  the  timber  has  suffered  considerably  from   wind  storms. 

The  same  is  true  of  the  southern  part  of  Calvert,  at  least  along  the  line  betwee« 
toncessions  two  and  three  for  the  first  two  miles.  The  third  mile  is  mostly  muskog  witk 
6  feet  of  peat,   and  the  fourth  spruce  woods  with  8-inch  timber. 

In  the  northern  part  of  Calvert  the  timber  is  of  better  quality,  and  unaiTected 
by  windfall.  For  a  distance  of  4  miles  west  from  Iroquois  falls,  the  timber  consists 
•f  poplar,  spruce,  balsam  and  birch  of  about  the  same  size  as  in  Teefy,  and  the  soi! 
is  of  tlite  best  quality  of  clay.  On  the  east  side  of  lot  3  a  ravine  nearly  lOU  feet  deep 
has  boon  cut  acro^ss  the  fifth  concession  by  a  creek  10  foot  in  width.  On  the  opposite 
side  of  the  Abitibi,  a  creek  of  equal  width  has  CAit  a  ravine  50  feet  deep  across  tht 
sixth  concession.  The  land  along  this  creek  and  for  a  distance  nearly  2  miles  east  ii 
wooded  with  mixed  timber  of  smaller  size  than  on  ci..her  side  of  thte  river  at  Iroquo'S 
falls.  Along  the  line  between  concessions  five  and  six.  the  first  mile  only  to  th^.-  west 
i*;  good  land,  the  sand   area   being   reached  at  this  point. 

On  tlK'  vve>t  side  of  the  deep  ravine  where  it  crosses  the  line  between  conce.ssiom 
f<<ur  and  live  a  rook  consist  in  j;  mostly  of  hornblende,  fornib  an  almost  perpendicular 
wall.  Along  tlio  same  line  north  of  the  post  for  lots  8  and  9  there  is  a  ridge  of 
pyritilo' (MIS  nrveontsone :  and  at  the  post  one  mile  north  of  this  is  a  hill  of  greenstont 
about  l."0  feet  hij;h.     About  the  edges  of  this  hill  the  greenstone  is  distinctly  schistos:. 

The  central  portion  of  the  township  of  Aurora  is  distinctly  lower  than  the  district! 
whicli  hrvi  'I'Ri  bf  en  dc-cribod,  the  ravines  having  hoT-e  a  depth  of  only  about  20  feet. 
East  of  the  Abitibi  in  the  second  concession,  the  marginal  timber  extends  only  to  a  dis- 
tance of  one  mile  from  the  river,  and  even  in  this  mile  spruce  predominates.  Two  miles  of 
lO-inch  spruce  succeed  this  to  the  east.  West  of  the  river  along  the  line  between 
toncessions  one  and  two,  there  is  mixed  timber  with  spruce  predominating,  for  a 
distance  of  2  miles,  to  a  large  muskeg  in  the  8th  mile  on  the  meridian  line.  Thit 
musknfT  eytonds  acrofis  the  concession  line  with  a  width  of  30  chains,  while  another 
•ecupies  the  first  half  mile  north  of  the  corner  post  of  the  township. 
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The  country  2  miles  west  of  these  muskegs  may  be  described  as  wet  clay  land, 
with  tamarack  windfall  and  alder.  The  timber  is  of  little  value,  it  having  been  h» 
area  of  tamarack,  which  is  now  all  dead. 

xEast  of  the  small  rapid  two  miles  above  Buck  Deer  rapids,  there  is  only  half  a 
mile  of  marginal  timber.  Spruce,  of  an  average  diameter  of  8  to  10  inches,  is  the 
"principal  timber  as  far  as  ihie  ridge  of  greenstone  in  Edwards,  where  there  is  soine 
atony  land  wooded  with  birch,  balsam  and  other  timber.  North  and  east  of  Buck 
Beer  rapids  the  country  is  higher,  and  is  wooded  wih  large  poplar,  balm  and  spruco 
for  a  distance  of  2  miles.  In  the  16th  mile  along  the  base  line  the  timber  is  of  the 
^une  kind,  but  of  smaller  size,  the  spruce  averaging  from  6  to  8  inches.  The  17th  mile 
k  mostly  muskeg,  a  sounding  showing  a  depth  of  4  feet  of  peat. 

Buclc  Deer  Rapids  Area 

Lastly,   the  country  west  and   southwest  of  Buck  Deer  rapids  will   be   described. 

Tills  land  is  drained  by  a  creek,   which  crosses  the  meridian  line  with  a  width  of  12 

'€*et,  at  a  point  20  chains  north  of  the  11-m.  post,  and  enters  the  Abitibi  about  half 

w-^y  between  the  rapids  and  the  base  line.     This  creek  takes  its  rise  in  the  southwertt 

•oj^ner  of  Newmarket,  and  flows  diagonally  acress  the  township.     Where  it  was  crossed, 

at:      a  point  2  miles  east  and  half  a  mile  north  of  this  corner  of  the  township,   it  had 

^    '^idth  of  5  feet,  and  a  bank  10  feet  in  height.     The  country  for  a  milo  south  and 

i<^'tr    half  a  mile  north  was  wooded  with  12-inch  spruce,  poplar  and  balsam,  and  had  a 

good  clay  soil.     This  was  followed  to  the  north   by   half  a  mile  of  spruce,  when   the 

^I'Se  muskeg — over  two  miles  across  at  this  point — was   reached.     A  lake   nearly   60 

•t»>«a.ins  long  and  one-third  as  wide  lies  near  the  south  east  end  of  this  muskeg,  and  it 

*^      probable  that  a  stream  flows  east  from  this  lake  to  join  the  creek  last  mentioned. 

^       ssounding   made  in   this   muskeg  showed   a  depth  of   peat   of   11   feet,   which   is  the 

B*" latest  in  the  region. 

For  a  distance  of  one  mile  west  of  this  creek,  in  the  second  and  third  mile  south 
•^  tho  base  line,  the  timber  is  large,  some  of  the  spruce  measuring  26  inches  in 
"  ^meter.  It  consists  of  red  and  white  spruce  averaging  12  inches,  balsam,  birch  and 
F^^Xiilar.  The  area  of  second-growth  in  the  northeast  corner  of  Mann  extends  over 
*^o  miles  east  into  Newmarket  in  the  second  mile  south  of  the  base  line.  The  first 
^ile  north  of  the  muskeg,  and  the  middle  of  the  township  at  a  distance  of  one  mile 
""*>in  the  base  line  is  timbered  with  8-inch  spruce.  To  the  east  of  the  tract  of  large 
**^*^^ber  along  the  lower  part  of  the  creek  is  an  area  of  excellent  farming  land  covered 
^*t:h  second-growth.  In  the  11th  mile  on  the  meridian,  the  poplar  has  grown  to  a 
''^^  of  12  inches,  and  the  spruce  to  one  of  8  inches;  but  over  most  of  the  area  it  is 
•^^>  small  to  be  of  value;  consisting  of  6  to  8  inch  poplar  and  balm  and  brushy  spruce 
•*      smaller  size. 

The  soil  over  this  area  is  a  clay  of  good  quality,  and  in  all  the  northern  part  ia 
'^•ttciently  dry  to  be  well  adapted  for  farming.  In  the  beds  of  the  streams  pebbles 
*"  greenstone,  granite  and  shale  were  noted;  and  in  a  deep  ravine  at  the  northeast 
•^■•^ner  of  Newmarket  some  interesting  concretions  composed  of  clay  were  seen.  At  h 
'^iat  2  miles  east  and  the  same  distance  south  of  the  northwest  corner  of  Newmarket 
***^Te  is  an  outcrop  of  granite,  the  only  rock  seen  in  the  area. 

Rocic  Outcrops  on  tlie  Abitibi 

The  rock  outcrops  on  the  Abitibi  river  h'ave  mostly  been  described  in  previous 
'^orts:  those  below  the  Two  Portages  by  W.  A.  Parks,5  and  W.  J.  Wilson;*  and 
^o«e  between  the  Two  Portages  and  Abitibi  lake  by  Wilson,  Baker  and  Coulthard.7 


sBiffhth  Rep.  Bur.  Minea,  p.  181.    6GeoI.  Sur.   Can.   Sum.  Rep.,  1901. 

7  Report  of  Surrey  and  Exploration  of  Northern  Ontario,  pp.   29   and   46. 
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Little  will  be  said  about  the    c^utcrops    described    except  to  define  their  locati< 
more  accurately.     On  an  island  at  the  foot  of  Buck  Deer  rapids  there  is  an  outcrop 
greenstone — probably  a   dike — ^with  glacial  tstrim  S.   6^  W.     The  rock   at   Buck   De 
rapids  has  been  described  by   Dr.    Parks  as  hornblende   gneiss,   and   that  at   a  co 
striction  in  the  river  near  the  middle  of  the  township  as  gneissoid  granite. 

*  About  half  a  mile  below  this  last  outcrop,  a  red  biotite  granite  was  noted  ne 
the  water's  edge  on  the  left  bank.  Another  outcrop  of  granite  occurs  on  the  rig 
bank  about  the  middle  of  the  first  concession  of  Aurora. 

About  the  corner  of  lots  2  and  S  in  concessions  five  and  six  of  Calvert,  whi 
comes  in  the  river,  there  are  several  outcrops  of  granite  and  gneiss  reported  up< 
by  Mr.  Wilson. 

Three-quarters  of  a  mile  above  on  the  right  bank  there  occurs  a  very  ha 
silicious  green  rock,  with  smoothly  glaciated  surfaces,  containing  a  dike  of  grani 
about  a  foot  in  width,  with  stringers  of  the  same  running  into  the  darker  rock.  T 
eruptive  contact  of  the  Laurentian  occurs  between  these  two  points,  but  could  n 
be  more  accurately  located. 

The  next  outcrop  above  occurs  on  a  small  island  near  the  right  bank  on  the  ea 
town-line  of  Calvert,   and  consists  of  schistose  greenstone. 

On  the  same  bank,  just  above  the  line  between  concessions  four  and  five  of  Teef 
there  is  a  dike  of  felsite  9  feiet  wide  running  north  and  south,  and  a  d-inch  vein 
glassy  quartz  in   massive  greenstone. 

Between  Iroquois  falls  and  the  Two  Portages,  in  addition  to  the  green  schi 
\^hjere  the  river  first  crosses  the  south  town-line  of  Teefy,  which  has  been  note 
there  are  two  outcrops,  one  on  the  right  bank  in  the  south  part  of  the  third  co 
cession  consisting  cf  similar  rock,  and  the  second  of  quartzite  with  glacial  stri 
^    20^  E.  on  the  same  bank  half  a  mile  below  the  lower  of  the  two  portages. 

Above  the  barrier  of  weathered  pyritiferous  diabase  at  the  Two  Portages,  the. 
are  at  least  three  outcrops  of  massive  greenstone,  the  last  a  short  distance  above,  ai 
the  middle  one  at  a  small  rapid  in  the  fifth  concession  of  Teefy. 

At  the   next   rapid    a  short   distance  above   the  meridian  line,   the  greenstone 
distinctly   schistose. 

At  the  7-<rliain  portage  on  the  left  bank  at  the  crooked  rapid,  a  weathered  grce 
stone  was  examined,  and  a  short  distance  up  stream  a  similar  rock  was  seen  on  t! 
same  bank. 

On  the  island  portage — 8  chains  in  length — at  the  next  rapid,  green  schist  ai 
H  bliiisli  gray  silicious  schist  containing  veinlets  of  quartz  occur. 

About  lot  8  in  the  township  of  Knox,  there  is  an  outcrop  of  greenstone  on  t! 
north  bank  of  the  river,  and  half  a  mile  east  another,  somewhat  schistose  in  structuE 

On  tho  south  bank  in  lot  5  two  bluffs  of  greenstone  about  15  chains  apart  occi: 

Tlio  rock  at  tho  rapid  about  half  a  mile  below  the  meridian  line  is  a  niuc 
weathered   quartz  porphyry,   gray    in  color. 

At  Couchiching  falls,  and  at  a  point  on  tho  north  bank  half  a  mile  below,  t 
rock  consists  of   a  hard   fine-grained   greenstone. 

No  outcrops  occur  above  tho  falls  until  within  half  a  mile  of  the  lake,  where  the 
<s  a  dark-colored  hornblendo-biotite  granite  on  the  north  bank.  This  is  probably 
dike  striking  N.  30°  W.,  as  it  is  badly  weathered  along  planes  in  that  direction. 

III.    RESOURCES  OF  THE    REGION 

The  Soil 

The  principal  asset  of  the  region  is  its  soil,  samples  of  which  have  been  talc 
by  Mr.  Henderson,  and  will  be  dealt  with  in  his  report.  As  has  been  pointed  out,  t 
soil  over  almost  the  entire  area  is  clay  of  good  quality.  The  sand  areas  are  so  shl 
SK  to  be  a  benefit,  rather  than  a  detriment,  to  the  region,  considered  as  a  whole. 
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The  district  is  at  present  rather  subject  to  summer  frosts.  Two  occurred  this 
year,  one  on  23  July,  when  the  temperature  recorded  was  26^  F.,  and  the  other  on 
3]  August,  when  it  was  27^  F.  These  seem  to  have  been  unuSually  severe,  as  no  frosts 
were  reported  by  Mr.  Kay  between  17  June  and  1  Sep^mber  last  year.  The  large 
amount  of  moss-covered  land  which  retains  the  frost  until  late  in  the  sununer  is 
DC  doubt  largely  responsible  for  these  frosts,  and  the  clearing  of  the  land,  which 
would  admit  the  sun's  rays  and  result  in  the  killing  of  the  moss,  would  raise  the 
average  temperature  several  degrees,  and  make  these  frosts  very  rare  or  do  away 
with  them  entirely. 

On  account  of  its  distance  from  the  railway — 150  miles  in  a  straight  line,  or 
200  by  canoe — ^this  region  has  been  generally  considered  a  more  northern  one  than 
it  really  is.  The  highest  latitude  reached  this  year  is  just  about  the  49th  parallel, 
»o  thiat  the  whole  of  the  region  lies  to  the  south  of  the  most  southern  point  of 
Manitoba. 

The  areas  best  adapted  for  settlement  are,  the  Abitibi  basin,  for  an  average 
distance  of  3  miles  on  either  side  of  that  river,  the  basin  of  the  Frederick  House,  for 
a  width  of  2  miles  on  either  side  of  the  river,  the  basin  of  the  Mattagami  river,  for  a 
rather  less  width,  and  the  parts  adjoining  th!e  main  tributaries  of  these  rivers  at 
greater  distances  from  them  than   those  mentioned. 

The  drainage  of  these  areas  is  secured  by  the  numerous  ravines,  which  have  been 
eroded  to  distances  of  2  or  3  miles  from  the  river.  It  is  probable  that  the  clearing 
of  the  land,  alone,  will  add  considerably  to  these  areas. 

The  streams  are  young,  as  shown  by  their  V-shaped  valleys )  and,  as  in  other  parts 
the  removal  of  the  forests  will  lead  to  a  cutting  back  of  these  ravines  to  much  greater 
distances  than  they  have  reached  at  present.  The  areas  farthest  removed  from  the 
rivers,  such  as  the  spruce  land  in  Prosser  and  Tully  and  in  the  southern  part  of 
"Wark  and  Gowan,  parts  of  the  next  four  townships  to  the  north  of  these,  portions 
of  Newmarket  and  McCart,  the  township  of  Edwards,  and  the  township  of  Moody 
■^ill  require  artificial  drainage.  None  of  these  areas  however  are  more  than  4 
t/€>  6  miles  distant  from  streams,  with  valleys  of  considerable  depth,  and  with  anything 
nice  the  efforts  that  have  been  made  to  drain  many  parts  of  older  Ontario,  even  the 
cuiiskegs  would  be  turned  into  arable  land. 

Building  Materials 

The  timber  available  for  lumber  ccnsists  of  spruce,  poplar  and  balm.  The  spruce 
^^^y  is  suited  for  lumber  for  outside  use.  Poplar  and  balm  could  be  used  where  not 
exposed  to  the  weather.  The  jack-pine  growing  on  the  sand  areas  is  oT  a  size  suitable 
'^^  making  railway  ties.  The  dry  tamarack  standing  in  many  parts  will  also  provide 
suitable   tie  timber. 

The  only  stone  available,  besides  loosp  material  of  this  kind,  which  is  not  plentiful, 
®  the  eruptive  greenstone  forming  the  isolated  hills  in  the  region.  Gravel  for  con- 
"""^te  masonry  and  sand  for  mortar  could   conveniently  be  obtained   in  almost   every 

M^*^  of  the  region^  from  the  glacial  ridges.  Sand  of  good  quality  is  to  be  found  m» 
**^   fourth  mile  on  the  line  between  Teefy   and  Rickard.     Ballast  for   railways  is  to 

^  found  in  the  same  ridge,  in  the  sand  area  in  Calvert  township,  and  at  the  north 
**<i   south  ends  of  the  ridge  west  of  the  Frederick  House  river.     Clay  for  brick-making 

J^   Plentiful   in  every  part  of  the  region.       That  along   the  Frederick  House   in    the 

^^nship  of  Little  was  found  to  bake  readily. 

Timber 

The  only  red  or  white  pine,  other  than  the  small  area  near  the  outlet  of  Abitibi 

^^>  is  a  small  clump  at  the  falls  on  the  Frederick  House  and  a  few  scattered  trees 

^  Borne  of  the  ridges.     There  is  no  timber  for  export  as  lumber.     The  local  requiri*- 
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luents  will  consume  all  the  spruce  or  other  timber  large  enough  for  manufacture  into 
lumber.  But  in  the  large  areas  of  spruce,  the  country  possesses  resources  which  cdii 
be  marketed  as  pulp,  once  mills  are  established  on  the  rivers.  The  facilities  for 
driving  the  pulpwood  are  fair.  The  difficulty  lies  in  the  driftwood  which  blocks  *ll 
but  the  largest  tributaries  at  a  short  distance  from  their  outlets  into  the  main  rivers. 
Most  of  this  could  be  cut  out  or  drawn  out;  but  some  of  the  jams  on  the  larger 
streams   would  require  the    use  of   dynamite. 

Water  Powers 

The  most  easily  developed  water-power  in  the  region  is  situated  on  the  Frederick 
House  river  in  the  township  of  Mann  about  a  quarter  of  a  mile  from  the  south  town- 
line.  These  cascades  have,  according  to  Dr.  Parks,  a  fall  of  46  feet.  The  rocky 
barrier  which  rises  only  a  few  feet  higher  than  the  level  of  the  water  above  the  falls,  has 
a  width  of  a  little  over  200  feet.  An  excavation  of  this  length-  on  the  right  bank  will 
make  available  the  full  height  of  the  falls. 

In  the  fifth  concession  of  the  same  township  on  the  same  river,  two  chutes  54 
feet  and  2  feet  in  height^  respectively,  and  only  a  few  chains  apart  are  separated 
by  5  chains  of  smooth  water  from  a  rapid  30  chains  in  length,  with  a  fall,  as  given 
by  Parks,  of  14^  feet.  This  provides,  in  a  distance  of  about  half  a  mile,  a  total  fail 
oi^  22  feet.  This  drop  might  bo  taken  advantage  of  for  power  purposes,  by  buildiu;^ 
a  dam  about  100  feet  in  length  across  the  river  near  the  foot  of  the  rapid. 

On  tht^  Abitihi  river  throe  watcr-powors  are  available  within  the  reo;ion  cvnlored. 
The  largest  of  these  is  at  Couchiching  falls,  where  the  river  drops  about  30  foot  ij 
two  successive  cascades  over  a  barrier  of  hard  greenstone.  These  cascades  are  followed 
by  about  a  quarter  of  a  mile  of  very  rough  rapid.  The  total  fall  is  given  by  Wilson 
as  46  feet,  and  by  Baker  as  45  feet  (by  aneroid).  In  order  to  take  advantage  of  tha 
total  drop,  a  great  deal  of  excavating  would  be  necessary,  and  even  to  utilize  the 
main  drop  for  power  purposes  would  require  an  excavation  between  300  and  400  feot 
in  length,  unless  the  power  house  was  built  over  the  lower  of  the  two  cascades.  A 
centrHl  iria-s  of   rrnk   which   divides  the  stream  laterally   would  materially  aid  in    this. 

At  the  Two  Portages  on  the  Abitibi  a  second  water  power  could  be  secured.  Tha 
lower  portapo  is  past  a  cascade  with  a  drop  of  about  9  feet;  while  the  upper,  IW 
yards  distant,  is  past  a  rough  rapid  with  a  fall  of  about  6  feet.  Advantage  could 
be  takon  of  tlio  lower  fall  for  power  purposes,  by  building  the  pcwer  house  over  either 
of  the  two  main  gaps  or  over  a  small  western  gap ;  but  to  secure  the  total  fall  of  15 
feet,  a  dam  about  150  feet  in  length  would  have  to  be  buil€  at  the  lower  fall. 

At  Iif  quois  falls  in  the  fourth  concession  of  Toefy  township,  there  is  :niotlior 
watcM-  power  uliich  could  bo  easily  developed.  At  this  point  there  is  a  vertical  drop 
of  15  feet,  while  in  the  first  two  chains  from  the  brink  there  Is  an  additional  drop  of 
about  2  foot.  The  stream  is  divided  above  tho  falls  into  three  parts  by  two  islands. 
The  western  and  central  streams  take  the  greater  portion  of  the  volume  of  water. 
Bv  buildiiiu:  a  coffer-dam  to  shut  off  tho  water  from  either  of  these  channels,  turbines 
could  readily  bo  put   in  place   at  the  brink  of  the  fall   and  power  secured. 

In  view  of  the  fact  that  the  country  contains  so  much  spruce  and  poplar  suit-ed 
for  pulp  making,  those  water  prwers  arc  of  prime  importance.  Even  with  the  building 
of  tho  additional  100  miles  of  the  Temiskaming  and  Northern  Ontario  railway  neces- 
sary to  tap  the  southern  part  of  this  region,  it  is  a  question  if  this  spruce  could  bo 
profitably  shipped  out  as  pulp-wood  in  competition  with  the  spruce  of  the  Blancho 
valley  100  miles  to  tho  south;  but  with  the  building  of  mills  at  some  of  these  points 
whoro  power  can  bo  secured,  the  expenses  of  any  lone;  freight  haul  would  be  eliminated. 

As  the  measuring  instruments  at  our  disposal  for  determining  the  area  of  a 
cross-section  of  these  streams  were  rather  crude,  and  as  surveyors  engaged  in  tho 
neighborhood   of   Iroquois  falls  and   the    first   falls  on    thie  Frederick    House  spoke  of 
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estimating  the  water  power  at  these  points,  it  was  not  thought  advisable  to  make 
s>ction8  and  obtain  approximate  results  as  to  the  energy  capable  of  development. 
The  volume  of  water  in  the  Abitibi  above  Couchiching  falls  has  been  estimated  by 
W.  J.  Wilson  of  the  Dominion  Geological  Survey,  who  made  a  section  at  this  point,  hs 
806,000  cubic  feet  per  minute.  On  this  basis  the  horse-power  available  at  these  falls 
lA  about  16,000,  without  taking  into  consideration  the  rapids  below  the  main  fall. 
The  power  available  at  Iroquois  falls,  and  at  the  first  falls  on  the  Frederick  Housd 
would  be  in  each  case  at  least  half  of  the  above. 

Muskegs  or  Peat  Bogs 

It  is  possible  thiat,  with  the  advances  which  are  being  made  in  the  manufacture 
of  peat-making  machinery,  these  may  prove  a  valuable  source  of  fuel,  but  it  will 
likely  be  in  the  country  still  farther  north  where  they  are  more  extensive,  that  peat 
manufacture  will  be  carried  on  to  the  greatest  extent.  The  largest  of  these,  in  the 
townships  of  Wark  and  Gowan,  has  an  average  width  of  a  mile  and  a  quarter,  and  a 
length  of  about  twelve  miles.  This  represents  an  area  of  nearly  10,000  acres,  with  ao 
average  depth  of  peat  of  6  or  6^  feet. 

The  second  largest,  in  the  township  of  Newmarket,  has  an  area  of  about  2,500 
acres,  the  greatest  depth  of  peat  being  11  feet.  The  muskegs  in  the  townships  o} 
Edwards  and  Moody  are  about  the  same  size  and  have  together  an  area  of  2,500 
acres.  This  makes'  a  total  area  of  15,000  acres  or  about  1^  per  cent,  of  the  area  of 
the  region.  Adding  another  li  per  cent,  for  the  areas  of  smaller  muskegs,  the  total 
area  of  muskeg  within  the  region  may  be  put  down  as  three  per  cent,  of  the  whole. 

Below  will  be  found  analyses  of  some  samples  of  peat,  made  by  Mr.  A.  G. 
Burrows,   Provincial  Assayer,   Belleville. 


l^ocality  and  depth. 
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29  m.  post  Patten'R  Meridian,  2  ft.  down ;  11 .28 

North  of  Abitibi  River  from  mouth  of  Dokis  ! 

River,  2  ft.  down 8.72 
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21.04 
18.14 


Ash. 


Remarks. 


Per  cent. 
8.28 
4.72 


5.52 


Yellowish  green 

!    ash 

Yeilowlsh  ash 

I 

Yellowish  ash 


A  sample  of  marl  from  the  bottom  of  a  small  lake  north  of  the  northern  arm  if 
the  Montreal  river  on  the  canoe  route  to  Night  Hawk  lake,  analysed  by  Mr. 
Burrows  contained: 

Per  oent. 

Imolable  residue   11.14 

Lime 36.36 

Magnesia , .60 

A  specimen  of  pyrites  from  the  west  bank  of  the  Montreal  river  two  miles  belov 
Fort  Matachewan,  was  found  by  the  writer  to  assay  $1.50  per  ton  in  silver. 

IV.     PETROGRAPHY 


The  greater  part  of  the  region  has  been  mapped  as  Huronian.  In  this  part  b*sio 
eruptives  are  the  most  commonly  occurring  rocks.  Almost  all  stages  of  alteration 
of  these  rocks  are  to  be  seen.  Some  are  suflicienty  fresh  to  be  classed  as  gabbros, 
diorites,  and  diabases;  others  which  have  been  classed  as  schistose  greenstones  and 
green  schists,  though  considerably  metamorphosed,  show  undoubted  igneous  origin, 
nhile  in  others  the  metamorphism  has  been  so  great  that  no  trace  of  the  original 
rook  remains,  and  they  can  only  be  classed  according  to  their  principal  constituent, 
IM  chlorite,  sericite,  or  other  schists. 

14  M. 
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No  rocks  of  sodimontary  origin  were  eiicouiittred.  A  rock  outcropping  on  the 
right  bank  ot  tho  AhitiM  l.elow  ihv  Two  jMntagojs.  wliicli  in  the  field  was  thought  to 
be  a  quartzite,  appears  when  examined  microscopically  to  be  a  much  altered  ash  rock. 
containing;  a  groat  deal  of  ieiicoxene  and  some  feld«pnrs. 

Quartz  porphyries  outcrop  at  the  Sandy  Portages  on  the  Mattagami.  and  at  the 
first  rapid  below  Couchiching  falls  on  the  Abitibi.  The  only  other  acid  rocks  are  a 
s.  fc.  ir«'  iH'ar  'ho  jirnction  nt  tho  two  main  ort't'kN  ca^t  of  Patton'p  moridian.  and  a 
smiilai   ruck  n  purtod  by  surveyors  about  the  sixteenth  niilo  on  that  line. 

In  the  Wshaped  Laurent ian  area,  the  apex  of  which  reaches  to  within  a  milo 
and  an  half  of  Iroquois  falls,  the  rocks  arc  mostly  gneisses  and  granites  with  a  few 
mica   schists    and   greenstones. 

The  contact  has  been  located  by  Dr.  Parks  on  the  Frederick  House  river  %t 
NcM'landN  rapids,  and  at  the  point  niontionod  on  tho  Abitibi  by  Wilson.  At  no  point 
l»as  a  cioarlv  dotined  lino  of  contact  of  tho  two  rocks  been  established.  A  dike  ol" 
gianite  1  foot  wide  in  altered  greenstone,  on  tho  right  bank  of  the  Abitibi  between 
lots  1  and  2  in  the  fifth  concession  of  Calvert  township,  must  be  very  near  the  linte 
of  contact.  To  the  northeast  of  this  point  the  contact  has  been  placed  near  the 
IC-foot  dike  of  granite  in  greenstone  which  crosses  lots  10  and  11  in  the  fourth  cor- 
ccssion  of  Edwards,  with  a  direction  X.  lOf  K.  To  th<*  northwest  of  the  apex  tho  Tno 
of  contact  lias  boon  plotted,  cutting  off  tho  southwest  corner  of  Aurora  and  passin,; 
south  of  the  granite  outcrops  in  Newmarket  and  in  the  middle  of  lot  2  on  the  nortb 
boundary  of  Mann,  in  a  fairly  straight  lino  to  Noolands  rapids  on  the  Frederick 
Housf.  To  the  west  of  this  river  no  outcrops  were  seen ;  and  as  a  consequence,  it 
it  could  not  be  determined  whether  or  not  the  line  of  contact  continues  to  the  west- 
ward as  plotted  on  previous  maps.  Another  V-shaped  projection  may  be  represente*! 
by  t}i<»   ^vonie   mentioned   above. 

Gabbrcs 

From  tho  microscopic  ^tudy  of  a  number  of  thin  sections,  those  seem  to  bo  tho 
U'Ost  commonly  occurring  basic  eruptives.  A  specimen  from  tho  right  bank  of  the 
Abitibi  half  a  mile  below  the  outlet  of  Abitibi  lake,  consists  principally  of  aiigic<d, 
bornblondo.  plagioclaso  and  orthoclaso.  From  tl:o  angle  of  extinction,  the  plagioclase 
feldspar  is  stoniiniily  ando^inc  in  p.irt  at  least.  Quartz  crystals  are  present  in  small 
amount.  Biotito  occurs  as  a  secondary  constituent:  while  crystals  of  apatite  and 
magnetite  are  present  as  accessory  constituents.  Tho  micro-structure  is  distinctly 
idiomori)hic. 

Tho  gabliro  from  near  tbo  mouth  of  tho  large  creek  wliich  joins  the  Frederick 
House  li  mib's  above  the  point  where  it  crosses  the  district  line,  was  found  to  consist 
of  augito,  plagioclaso  feldspar,  and  secondary  chlorite. 

A  gri'.atly  weathered  specimen  from  lot  5  in  the  third  concession  of  Tully  consists 
Irrgoly  of  decomposition  products,  chlorite,  serpentine,  kaolin  and  calcite  being  all 
present.  Remains  of  tho  au^'te  crystals  are  however  plainly  to  be  soon,  and  small 
but  woll-forniod  crystals  of  plagioclaso  with  an  angle  of  extinction  corresponding  ui 
lytownito.      Pyrite  is  present   as  an    accessory  constituent. 

Diabases 

Tin-  brst  prrscrved  .specimen  is  from  near  the  middle  of  the  42nd  mile  on  Gal- 
Iraith's  base  line.  It  is  idiomorphic  in  structure  and  consists  of  augite  slightW 
T^eathored  to  hornblende,  plagioclaso  with  an  angle  of  extinction  of  about  20**,  and 
biotito  in  small  amount.  Considerable  magnetite  is  also  present  in  this  rock.  Specimens 
fiom  tho  Two  Portages   and  elsewhere  wore  found  to  bo  much  altered   by   weathering. 
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Peridotites  and  Picrites 

Tlie  sorpi'iitine  rock  which  outcrops  on  lot  9  in  the  third  concession  of  Mann,  and 
on  the  Frederick  House  river  at  the  Three  Portages,  is  most  interesting  in  thin 
section.  Besides  the  serpentine  which  is  the  chief  constituent,  considerable  magnetite, 
I  nd  some  orthoclase  arc  also  present.  Under  crossed  nicols  the  shape  of  olivine 
crystals  with  characteristic  net  structure  due  to  weathering  can  be  distinctly  seen, 
hut  the  olivine  has  been  almost  enirely  weathered  to  serpentine.  This  points  to  the 
lock  being  an  altered   peridotite. 

A  schistose  greenstone  from  lot  8  in  the  Jthird  cojicossion  of  Prosser  consists  largely 
of  serpentine  aggregates,  and  chlorite,  with  pyrite  in  subordinate  amount.  Remains 
of  crytsals  of  olivine  and  augite  imply  that  this   rock  is  a   greatly   weathered  picrite. 

Diorites 

A  greenstone  from  tliJe  west  side  of  lot  2  in  the  second  concession  of  Mann  was 
found  to  consist  of  hornblende,  biotite,  plagioclase,  quartz  and  magnetite.  Horn- 
blende, which  is  the  chief  constituent,  is  present  in  large  crystals,  and  also  in  small 
needle-shaped  crystals  within  the  quartz.  The  rock  is  best  described  as  a  quarts 
diorite. 

Diorite  porphyrites,  which  have  been  described  by  Dr.  Parks,  outcrop  along  the 
Frederick  House  river,  near  the  north  and  south  town-lines  of  Mann.  These  rocks 
contain  large  crystalline  aggregates  of  plagioclase  feldspar   in   a  diorite  ground-mass. 

A  greenstone  outcropping  2^  miles  east  of  14  m.  30  c.  on  Patten's  meridian  may 
b»  «t  be  described  as  an  altered  diorite.  Chlorite  and  serpentine  are  both  present  in 
corsidorable  quantity,  the  first  distinguishable  by  its  dull  polarization  colors  and 
parallel  extinction.  A  mineral  with  high  double  refraction  appears  to  bo  epidote, 
formed  from  decaying  feldspars.  A  completely  weathered  white  mineral  gives  the 
rork  ri   poikilitic  structure. 

Schists 

The  schists,  which  include  hornblende,  clilorito,  sericite  and  quartzose  schists,  are 
found  in  the  southern  part  of  the  district. 

Most  of  the  green  schists  consist  principally  of  hornblende  and  chlorite  and 
contain  pyrite,  magnetite,  or  even  hematite  as  accessory  constituents.  The  best 
example  of  chlorite  schist  is  from  the  shore  of  Abitibi  lake,  about  one  mile  east  rf 
the  end  of  Galbraith's  base  line.  The  only  sericite  schist  examined  outcrops  on  a 
small    island  near    by. 

A  light-colored  nek  which  outcrops  in  association  with  green  schist  below  the  Twi 
Portages,  thorgh  rerembling  a  quartzite,  appear  under  the  mien  scope,  as  a  much 
altcrc<l  ash  rock,  it  consists  birgely  of  leucoxene  with  small  quantities  of  feldspars, 
ch'orite  and  poss'lly  quartz. 

Schists  containing  considerable  quartz  outcrops  in  the  southern  parts  of  Little 
Knd  Prosser.     These  are  greatly  stained  by  limonite. 

The  garnetiferous  b'otite  schist  at  Ncela?ids  rapids  was  the  only  sample  examined 
from  the  Laurentian  portion  of  the  region. 

Porphyries 

Two  quartz  porphyries  were  noted,  one  outcropping  as  a  dike  at  the  first  rapids 
below  Couchiching  falls  on  the  Abitibi,  and  the  other  at  the  upper  rapids  at  tha 
Sandy  portages  on  ti:e  ^lattagami.  Tlio  first  contains  phenocrysts  of  quartz  in  a 
badly  weathered  ground-mass.  The  second  is  porphyritic  in  structure  when  examined 
in  thin  yjttion,  with  in  unusually  l«-»rge  prjportion  oJ  the  constituents  crystallizej 
out  from  a  devitrified  ground-mass.      Crystals  of  quartz   and   orthoclase  uw  distinctly 
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Been  under  the  microscope,  and  otheni  which  appear  to  be  of  plagioclase  with  an 
angle  of  extinction  of  about  15^.  The  fine-grained  nature  of  this  rock  causes  it  to 
resemble  a  quartzite  in  the  field. 

Granites  and  Gneisses 

These  rocks  of  the  Laurentian  portion  of  thto  region  are  the  only  ones  of  an  acid 
nature  besides  the  few  quarts  porphyries  and  syenites  which  occur  as  dikes  in  the 
Huronian.  The  gneisses,  which  are  indistinctly  banded  and  similar  in  composition  to 
the  granites,  might  be  described  as  gneissoid  phases  of  these  rocks.  The  granites 
include  hornblende  and  biotite  varieties.*  The  scarcity  of  outcrops,  excepting  along 
a  short  portion  of  the  Abitibi,  made  it  difficult  to  secure  fresh  specimens. 

One  of  the  beet  preserved  specimens  from  the  bank  of  the  Abitibi  near  the  poft 
foi  lots  2  and  3,  concessions  V  and  VI  of  Calvert,  is  composed  of  orthoclase,  quarts^ 
hornblende,  and  plagioclase,  and  is  distinctly  porphyritio  in  structure.  The  hornblende, 
which  is  composed  in  part  of  twinned  crystals,  can  be  seen  changing  to  bictite.  Sec- 
ondary kaolin  has  also  been  formed  from  the  decay  of  the  orthoclase,  and  apatite 
crystals  are  present  as  an   accessory  constituent. 

In  closing,  I  wish  to  thank  Dr.  Ck>leman  and  Dr.  Walker  of  the  University  .>f 
Toronto,  for  assistance  in  the  study  of  the  rocks  described. 
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BY  ARCHIBALD  HCNDEkSON 

In  May,  1904,  Mr.  T.  W.  Gibson,  Director  of  the  Bureau  of  Mines,  instructed  the 
writer  to  accompany,  in  the  capacity  of  agriculturist,  Mr.  J.  G.  McMillan,  B.A.  So., 
in  an  exploratory  survey  of  that  part  of  the  northern  clay  belt  lying  between  lake 
Abitibi  and  the  Mattagami  river. 

We  set  out  in  two  canoes  on  the  west  branch  of  the  Spanish  river  at  Matagama 
siding,  on  the  Canadian  Pacific  railway,  in  the  early  morning  of  June  1,  and  seven 
days  later  the  scene  of  our  explorations  was  reached.  Work  began  on  June  9  in  the 
country  between  Murphy  township  and  the  Mattagami  river.  The  last  camp  from 
which  overland  trips  were  made  was  on  the  Frederick  House  river  about  four  milea 
below  milepost  157  on  Niven's  line.  The  homeward  paddle  started  from  here  on 
September  24,  the  Temiskaming  and  Northen  Ontario  railway  being  reached  at  the 
point  where  it  intersecte  the  Montreal  river  on  Monday  morning,  October  2.  Thus 
four  months  were  spent  in  the  north  country. 

THE   TERRITORY   EXPLORED 

The  district  with  which  this  report  is  concerned  is  roughly  one  thousand  B(|uaro 
miles  in  extent^  i.  e.,  about  twenty-eight  townships.  It  includes  the  townships  of 
Wark,  Gowan,  Prosser,  Tully,  Little,  Mann,  McCart,  Newmarket,  Calvert,  Auron, 
Teefy,  Edwards,  Rickard,  Wesley,  Knox  and  Moody;  the  unsurveyed  area  between  the 
CABtem  boundaries  of  Knox  and  Moody  and  lake  Abitibi,  which  is  approximately 
equivalent  to  two  townships;  the  unsurveyed  area  between  Murphy  and  the  Matta- 
gami river,  roughly  one  township  and  a  half;  an  unsurveyed  area  northwest  ^ 
Pressor,  one-half  a  township ;  six  townships  north  of  Prosser  and  Tully ;  and  two 
townships  north  of  Mann. 

This  country  was  explored  by  overland  trips,  two  or  three  miles  apart.  Notes 
were  made  at  the  end  of  each  mile,  recording  in  chains  the  length  of  eachl  of  the 
various  types  of  surface  as  I  shall  describe  them.  Here  and  there  samples  of  soil 
for  future  chemical  and  physical  analysis  were  taken.  I  am  enabled  thus  to  present 
•  report  on  the  whole  district  and  on  each  township,  stating  in  both  cases  an  estimate 
•f  the  proportional  area  of  each  of  the  various  types  of  country. 

The  report  of  the  work  accomplished  is  presented  under  the  following  headings: 

I.  Soil  and  Timber. 

(a)  General  Description. 

(b)  Description  of  Townships. 

II.  Climate. 

III.  Flora. 

IV.  Fauna. 

V.  Ckmclusions. 
VI.  Appendix. 

(1)  Results  of  Chemical  Analysis  of  soil  samples  by  Prof.  Harcourt. 

(2)  Results  of  Physical  Analysis  of  soil  samples  by  Prof.  Reynolds. 
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I.      SOIL   AND    TIMBER 
(a)  General  Description 

For  tin-  >ak»-  ot  Hvoidiiijr  rope,  it  ion.  and  alsf)  for  tlu-  benefit  of  those  who 
wish  only  a  Koiieral  idea  of  the  soil  and  timber  of  this  region,  I  shall  describe  the  types 
cf  area  of  which  it  is  composed,  and  refer  to  thoir  relative  proportions.  Afterwards, 
I  shall  describe  individually  the  townships  explored,  giving  the  percentage  of  the 
\arious  types  picsent  in  eacli.  and  other  details. 

The  types  of  country  are  as  follows:    (1)  Black  Spruce  Forest;  (2)   River   Bank 
*3)  Poplar  Knoll ;  (4)  Muskeg ;  (5)  Jack-Pine  Plain ;  (G)  Rock. 

1 1  .  BLACK  SPRUCE  FOREST 

Over  half — about  59  per  cent.— of  that  part  of  the  Clay  Belt  explored  is  covered 
by  a  Hluok  Spruce  fonst.  Tlie  subsoil  is  mostly  wet  clay  and  clay  loam  overlying 
wliicii  are  from  one  to  four  fret  of  rich  black  mould,  whicb,  wben  mixed  with  the  clay 
by  cultivation,  will  make  a  good  soil  for  farming  purposes.  Above  this  again,  are  from 
six  to  twelve  indieN  of  moss,  mosi-ly  a  ^pocies  of  spha(j;num.  Many  areas  arc  drier  in 
nature,  watcrpoulb  b^iii^j;  infreqi:eiit,  and  tlu»  surface  net  so  flat  as  is  usually  the  case. 
The  soil  in  Iheso  i^  oftm  of  a  lij^bter  nature,  being  a  sand  loam  in  some  cases.  It  is 
covered  l*y  only  .(  tew  ircliov  of  dfcayinji  organic  :natter,  on  which  many  bryineous 
mO'SOh  thrive. 

A>  tin*  i:aiiic  of  tlii^  tvpo  ot  an-i  indicnt'"^,  *.]io  predominant  forest  tree  is  the 
black  spruce  iPicfu  nigra.)  This  tree  varies  very  much  in  size,  attaining  a  diameter 
in  s'line  arias  ol  lilteen  inches,  \)\\t  a\ craging  from  eight  to  ten,  and  having  clean 
bcles  from  forty  to  seventy-five  feet  in  lirMght.  Its  growth  is  a  slow  one,  the  eigh.*"- 
inch  tree  often    being    about  one  hundred   years    old. 

Tilt'  no\t  n:o-t  pn  iiiint'iit  ri-co  i^  the  tiimarack  (h'ifix  Aun  ricaii'i).  Thi.s  trot*  is 
thinly  soaUei*  d  thnmghout  the  spruce  woods,  but  in  some  of  the  very  wet  localities 
i*  b<M;onn'>  the  iHedoiiiinant  timber  constituting  the  ^  so-called  tamarack  swamps. 
Unfortunately,  tlu-  tamaracks  of  tliij*  region  are  now  all  dead,  having  been  killoj 
within  the  last  few  years  by  the  larch  saw-fly.  In  the  tamarack  swamps  there  is  a 
dense  uii'lergrowlli  of  hoary  alder  {AInn.s  inaina),  which  makes  "travelling"  in  tht^^e 
localiti«*s  <'xr«?i'(lingly  diflicult .  Many  of  the  tamarack,  ten  to  fifteen  inches  in  diameter, 
ere  as  yet  perkH.tly  sound  antl  would  make  g(K)d  railway  ties,  for  whiclii  purpose  su?h 
timl)«'r   has  Kimmi   utilizf'd   in    the   Tcnii.-k.\ming  countrj-. 

The  hal>aiii  '.Ahics  fxilsamrn)  is  al^o  found  almo^t  everywhere  througliout  rh.^ 
spruce  forest.  The  trees,  however,  are  usually  small,  both  in  diameter  and  height. 
and  arc  ot  lirtU.  lomnM-rcial  value.  Mtu'eover,  the  wood  is  ver3'  soft,  and  they  a'*o 
thcrctt^rt-  nadily  Inokiii  dou  n  by  winds,  aiul  are  thus,  more  than  any  other  kind  of 
tree.    r«'^p«iiiM''!c  tn»    the  ^lejit  nuniluM"  of  fnlleti    trei'<  characteristic  of  the  re^xion. 

White  bireh  \liiiahi  jm pijriff ra),  not  often  over  twelve  inches  in  diameter,  ^s 
sometime-i  i<Hnui  in  the  drier  part.s  of  the  spruce  forest.  As  has  been  said,  the  soil 
in  such  l<»calities  i-  often  of  a  lighter  nature  than  elsewhere.  White  spruce  {Pic-'o 
alhd).   ton.   often  err. .WW   in   th(r;se   areas. 

>     RIVIiR   BANK 

i»i  1 1.  ■  i:_i«'  1  ii«.»i«(l  li\  ihi-  re|K"t  rli<  r«-  ;ir.-  tlnff  l»rue  rivers,  the  Matt'i'^nnii. 
the  Frederick  Hou-e.  and  the  Abitibi.  Resides  these  rivers  there  are  numerous 
tributary    -fr»-,«!ri^.    ;>n.l    alontr   cither   sido   of  all.   there    i>;   a   strip   of  country    varying 
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'  much;  from  the  spruM 
rea  niouad  small  inlao'] 


io  width  from  a  few  chains  to  two  milcE,  which  differs  i 
fnrest.  It  has  boen  called  the  Riv^r  Bank  type.  A  aimili 
lakes   in   also  included  in  this  type. 

The  soil  is,  »■<  a  riiic.  a  clay  loam  or  a  loam  with  a  good  amount  of  humus,  and,  ai 
the  lu^curitnt  iialurn!  regetation  shows,  as  woll  as  the  chpiiiirftl  fliid  physical  analysea, 
is  admirably  adapted  to  the  purposes  of  the  agriculturist. 


The  iiiii=t  iippaiviit  liilf.-i'/iu-.'.  Iii>«t li'i-.  liotHoii  ihi'  l.lmk  sprue.'  lori-si  muU  the 
river  liuiik  types,  is  in  ihtt  tmv>i  jjroiith.  Tho  pri'Jmniiuiiit  trtc  in  the  latter  is  tha 
atrpen  poplar  {I'lipulut  tieiiiiiloi'Us),  which,  soniclimos  attains  a  diameter  of  thirty 
Inches,  Hv.Tiigillg  alxiut  fifu>e]i.  .Miiiiy  ..(  thi>  n-ry  liirgi.-  tri-os  iiiu  rotti-ii  in  the  ci-titer, 
having  attaini'd  their  ntii.viiiiiiiiL  size  :'ini  iH-gun  to  dcoiiy.  The  nspi'ii  has  Iji-cii  very 
useful  to  the  settlers  of  SI:initol,a  awl  iln-  X.  rth-weo,  Tcrriiiiries  for  building  piirp.wes, 
and  is  s:ill  naieh  u-ed  tli.rr  :i.  lir.Av.>,)ii.  The  H-p.>ii  i.f  the  Ciiiy  Bolt,  h.iwevpr,  is  a 
very  much  lnr<!er  troi>  than  tliiit  of  tlit>  West. 


The 


ed   0 


-  the  balsam,   which   aivra^f*   jil>otit   '■ijiht   i 


The  white  spnic-e.  flic  iiin-t  mliiablc  timber  tree  of  t!u>  C]ny  Kelt,  grous  along 
the  river  banks.  It  fri'iiu<'nfly  attiilns  a  size  of  tweiity-oight  inches  in  diameter, 
averaiiiiist  about  MKt.-en,  (In,.  Ir^.v  «biHi  crew  on  the  bank  of  »  creek  in  Tully 
township,  and  "hii'h  «n-  cit  d.mn  by  rb,.  surveyor,  lueiisured  ihirty-tiio  i>i.bc>.  atrosa 
thf  stun-p.  This  1r.i>  hue!  •■••.lU  .ui.-  bundrcd  nml  tweni-cinht  itnnmil  rinjis.  thus 
indicating  a  rapid  p:row(h  ivhcn  compared  with  that  of  the  ordinary  tree  of  the  black 
spruce  forest.  Tlit>  white  spriiii'  i-  also  sometimes  found  inland  "rowing  with  blaek 
K|>rnce.    white    birclu    and    nspen. 
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A  Eroirth  of  white  cedkr  (Thuja  oceidentalit),  u  nauftlly  pretent  ftlonc  ih»  m&rgini 
cf  the  rivers.  This,  for  the  most  part,  is  commerciaUr  valneleu;  but  aronnd  the 
■horns  of  small  inland  lakes  there  is  sometimes  a  growth  of  short  thick  cedar,  many 
tre«  even  twenty  inches  in  diameter  and  not  more  than  twratty-five  fest  high. 

Wherever  the  river  bank  is  sand^  or  rocky  the  white  birch  grows;  bnt  it  doM 
not  often  attain  a  great  size,  averaging  ton  to  twelve  inches  in  diameter.  A  few 
jack  pine  (Pinvs  HanktioTia)  are  occRHionally  associated  with  the  white  birch  and  ether 
trees  in  such  localities. 


Growing  witli  tho  at^pon  almost  ovorywliierc,  but  much  less  abundant,  is  its  close 
relative,  tho  balsam  poplar  or  balm  of  Gilead  {Foputus  iioliami/era).  This  tree  in 
of  small  plants.     TIksc   linvp   uitU'd   greatly   in  onridiinK  tlie  soil,  and  in   this  way  are 


Besides  the   forest   trees  there  is  on  tlie 
■mall  plants.    These  have  aided  greatly  i 


cr   bank  soil,  a   very  luxuriant  growth 
tn  iching  the  soil,  and  in  this  way  srs 
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.llj,  it  should  be  mentioned  that  the  surface  of  the  rirer  bank  country  ia 
ulitiefl,  is  rendered  very  uneven  by  numerous  short  ravin«s,  sometimes  having 
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I  and  there  throughout  the  spruce  foreet  is  a  slightly  elevated  area  resembling 
r  bank  type,  both  in  soil  end  vegetation.       Like  the  latter  these  are&s  are 
ned,  and  in  this  respect  differ  from  the  black  spruce  forest, 
ulated  together  the  river  bank  and  poplar  knoll  types  occupy  about  twenty- 
cent,  of  the  whole  region. 

14)    MUSKEQ 

muskegs  of  this  region  vary  in  size  from  a  few  acres  to  several  square  milss. 
zreme  condition  they  are  treeless  tracts  of  deep  sphagnum  moss,  with  oittn 
f  pond  in  the  centre.  Around  such  an  open  muskeg  the  vegetation  shadea 
oally  into  the  spruce  forest,  the  moss  decreasing  in  depth  as  the  spruce 
rease  in  size.  Thus  there  are  large  areas  around  the  open  muskegs  with  a 
'owth  of  stunted  black  spruce  and  tamarack,  two  to  four  inches  in  thicknew 
ve  to  twenty  feet  in  height  Theee  muskeg  trees,  althiough  so  small,  are  the 
MS  in  the  country,  one  spruce  only  three  and  a  half  inches  in  diameter  being 
Ired  and  ninety  years  old. 


sphagnum  swamps  i 
t  small  creeks  were 


>  usually  a  considerable  distance  inland,  and  from  the 
ten  obseived  to  have  their  origins  here,  it  would  seem 
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tb&t  many  of  them  can  be  ilraiiied.  cleared,  and  the  underlying  soil  used  fn;-  ianii^ 
purposes,  as  has  proved  true   of  similar  areas  in   southern  Ontario. 


'  l)ott..iii.     They  iHinpv  iil"iiit  iiiirtfs;ii  per  cent,   of  the  wholf  i'"Ai-yt  u 
11   a   i-ouiitiy   liickiiit:  tual  will   doubtless   RlTord   a   valuable   supply   uf   fut 


uf  Jil.k-liitlf  il-ii'-.^  «.l<n 
I.UI     ilV.-l-i,!.'-     iiLo'it      t»-.' 

tio..  If...i,|,.-  ja.k-|.i„i- 
n.oss.  I.riu-keii  l.-ru,  I>m. 
land,    lhi.ii-h    nflrii    ,c,ri 


J.VCK-I'IM-;  PLAIN 

^l.iin-  plain  is  a  l.-vd  area  <..vfi.;d  «itli  a  sjruiith 
':\ii-i-  iiei's  ;nn  s<niietime5  sixteoji  inclit^s  in  diaiiii'ter, 
Iv  liiiilHT  eonliiins  niueli  resin  and  ui;)kes  good 
.;  licTvi  .  i"-i'tal  ii'ii  i-  pri'seiit,— hentlis.  rciiiilwr 
'  iiale,  i-ri'.  Tlif  soil  is  sometimes  n  very  fiue  vbH' 
suital'le   for    bnildinp:    purposes.         As   the  chemicil 


Tiii'.   tv( 


losl  often   fuiird  en   ih-   .ii' 


.  I.ctivt-.'U  n.ljii 
ROCK 


nhole 


Ocwi.-iciiially  small  '.ui,t..i.-  ..i  v^ik,  mostly  ni  ITutodian  aye.  o.fur.  Usually  the 
outcrops  nri>  sparsely  wooded  ""ith  small  black  spruce.  Often  around  an  outcrop  i* 
a  saiiiiy   or  bouIdiTy  area  on    which   there   in   a   growib   uf   white   birch,   white  spru«i 

iack-liiti...   and   soi.Mlii :,   l- w  -Jii.,11  p..plai-,     lt„,k   !..r(i  -  I-"  than   ouo  |>or  cent,  of 

the  lii-trict. 
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Black    spruce    forest    'j'J 

River  bank   and  poplar  knoll  ■J4,.t 

Muskeg    13 

Jack-pine  plain    —      3 

Rock 3 


Tola!  - 


'acli  township   i-  fMptnincil   in   thi-  fWcripiinii  n!  tlie   fir«t 


given   iti   tile  ilcscriptios 


lb'    Description  o!  Townships 
MURPHY  TOW^SHIP  TO  MAriAOAMI  RIVBR 

Four  overland   trips   wnre  made  through  this    unsurveyed   riinioi 


(1)  Up  tlie  western  boundary  ol  Murphy  •in  Spvinhts  ni 
lains  to  51.  XII.  TliU  liin'  »fts  r<-arhoi\  l>v  usc-ndii.-i  m  i-m 
.kttagami   near  the  northwest  corner  of  TiRdalf  township. 

'2>  West  from  the  northwest  coriiPr  of  Murphy  tu  the 
ad  fifty  chains  (8  m.  50  c.) 


;ion,   as   follows: 

iuti    fr.ji].   M.   VII,   50 

hi.h  oiupties  into  the 
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(3)  West  from  the  frestern  boundary  of  Murphy  township,  three  miles  south  of 
the  second  trip,  to  the  Mattagsmi  river,  seven  miles  and  seventy  chains  (7  m.  70  o.) 

(4)  South,  thirty  degrees  east,  from  a  point  on  the  Mattagami  where  it  was 
reached  on  the  third  trip  to  another  point  on  this  river  in  that  part  of  its  course 
which  forms  the  southern  boundary  of  this  area,  five  miles  and  forty  chains  (5  m. 
40  0.) 

These  four  trips  total  26  m.  30  c,  and  according  to  my  chainage  notes,  this  distanca 
is  apportioned  among  the  various  types  previously  described  as  the  following  table 
of  distances  and  corresponding  percentages  shows.  The  last  column  gives  in  inches 
the  average  diameter  of  the  trees. 


Type. 


Black  spnice  forest 

River  Iwink  and  poplar  knoll . 
M  uskeg , 


Total , 


Mileage. 

Per  cent. 

Trees. 

18  m.    5  c. 
Sm.  55c. 
4  m  50  c. 

68 
14 
18 

7 
10-12 

1 

1 

2ti  ni   SO  c 

100 

1 

These  percentages  approximately  represent  the  proportions  of  the  various  types 
•f  country  present  in  the  region  under  consideration.  Thus  it  may  be  said  that 
sixty-eight  per  cent,  of  the  region  is  black  spruce  forest;  fourteen  per  cent,  is  rirer 
bsnk  and  poplar  knoll;  and  eighteen  per  cent  is  muskeg.  (In  the  descriptions  of  the 
remaining  townships  the  percentages  will  be  given  without  reference  to  the  distances 
from  which  the  percentages  were  calculated.  It  is  sufficient  to  state  that  this  distance 
averaged  twenty  miles  and  fifty-eight  chains  per  township). 

Included  in  the  sixty-eight  per  cent,  of  black  spruce  forest  is  a  oonsirierable 
amount  of  tamarack  swamp.  If  calculated  alone  it  would  form  about  four  per  ceot 
of  the  area.     This  is  more  than  is  usually  present. 

The  strip  of  river  bank  country  along  the  western  boundary  of  this  area  is  aboot 
thirty  chains  wide,  and  has  a  descent  to  the  river  of  sixty  feet  in  ten  chains.  It 
is  well  wooded  with  the  usual  river  bank  trees — poplar,  spruce,  balm  of  Gilead,  birch, 
balsam  and  some  fair  cedar.  The  banks  of  the  Mattagami  along  the  part  of  its  conrae 
which  forms  the  southern  boundary  of  this  region  are  very  similar. 

WARK  TOWNSHIP 


TyiH'.  Per  cent.      ,         Trees. 


Black  spnufc  forest    .r»6  6-7 

roplnr  knoll i  14  1  10 

MuskoK '  SO  ..». 


On  the  southern  boundary  of  Wark  in  the  first  mile  from  the  western  end,  there 
is  a  deposit  of  gravel.  This,  in  an  almost  uniformly  clay  country  will  be  valuable. 
4  small  outcrop  of  rock  also  occurs  on  this  boundary. 


GOWAN  TOWNSHIP 

I'ype-  ;      Per  cent.      !         Trees, 


Black  spnico  forest 5i3  j  5 

Poi.lur  knoll j  i^  ,  10 

MiLskog •Kj 


1905  Asrricultural  Resources  of  Abitibi  221 


One  of  the  largest  muskegs  seen  during  the  summer  occurs  in  this  township.  It 
extends  from  the  northern  boundary  at  a  point  two  miles  from  its  eastern  extremity 
for  three  miles  in  a  southerly  direction^  and  at  least  two  miles  from  east  to  west. 
Indeed,  it  is  probably  a  continuation  of  the  muskeg  that  was  crossed  in  Wark  at  this 
latitude. 

The  Porcupine  river  touches  upon  the  southern  boundary  of  Gowan,  and  a  western 
branch  of  this  river  drains  a  portion  of  the  township.  The  banks  of  these  streams 
are  ten  to  twenty-live  feet  high,  and  are  of  the  usual  type,  being  well  wooded  with 
poplar,  some  twenty  inches  in  diameter,  averaging,  however,  thirteen;  white  spruott, 
many  sixteen  to  twenty-two  inches:  balsam,  black  spruce  and  balsam  poplar.  This 
river  flows  through  Hoyle,  the  township  south  of  Gowan,  and  throughout  its  whole 
course  its  banks  are  of  this  nature. 

Wark  and  Gowan  are  very  flat  townships,  and  are  poorly  drained.  This  fact  is 
indicated  in  the  table  by  the  large  per  cent,  of  muskeg,  and  the  small  amount  of 
poplar  knoll. 

PROSSER  TOWNSHIP 


Type. 


Per  cent. 

Trees. 

74 

9 
16 

7 

tbrule  excepted). 

12 

1 

Black  spruce  forest. 

Popl&r  knoll 

Muskeg , 

Rock 


A  brul6  wooded  with  small  spruce^  tamarack,  willow,  balsam  and  birch  about 
thirty  years  old^  extends  along  the  northern  boundary  of  Pressor  township.  It  be^iad 
1  m.  83  c.  from  the  eastern  boundary  and  reaches  a  point  1  m.  65  o.  from  the  western. 
It  also  stretches  south  50  c.  into  Prosser,  and  about  2  m.  into  th^  township  north  of 
Prosser.  Flowing  in  a  northwesterly  direction  through  this  brule  is  a  stream  twenty- 
five  feet  wide^  which  crosses  the  northern  boundary  2  m.  12  c.  from  its  eastern  end. 
^his  creek  courses  in  a  beautiful  valley  thirty  feet  deep  and  eight  or  ten  chains 
wide>  with  excellent  clay  !oam  soil. 

Casual  mention  was  made  in  the  general  description  of  the  many  fallen  trees  in 
the  Clay  Belt.  An  area  extending  two  miles  south  from  the*  norniieru  boundary  at 
a  point  two  miles  from  its  western  end  illustrates  very  weW  the  extreme  of  this  con- 
dition. In  this  area  there  are  very  few  standing  trees.  In  one  locality  there  is  a 
stretch  of  twenty  chains  without  any.  Spruce,  poplar  and  tamarack  lay  piled  over 
one  another,  so  that  for  chains  at  a  time  one  can  walk  over  tree  trunks  without 
(ouching  the  ground  at  all.  This  was  the  most  marked  ''windfall  area"  seen  in  the 
whole  region  traversed.     The  soil  was  clay  loam  with  boulders  in  places. 

At  a  point  within  the  township  about  5  m.  south  and  3i  m.  west  of  its  northern 
and  eastern  boundaries,  respectively,  there  is  a  hill  of  rock  about  one  luundred  and 
twenty  feet  high.  From  the  top  of  this  hill  a  vast  extent  of  conical  tree-tops  (bla^ 
spruce)  of  a  dark  green  color  is  seen.  Many  brown  stretches  of  dead  tamarack  occur, 
especially  numerous  to  the  westward.  The  lighter  green  of  the  poplar  knolls,  which 
appear  here  and  there  as  islands  in  a  sea  of  black  spruce,  adds  to  the  beauty  of  the 
scene.  The  poplar  knolls  form,  apparently  about  one-tenth  of  the  whole  field  of 
vision.  The  whole  surrounding  country  is  very  flat,  and  the  horizon  consequently 
an  almost  unbroken  straight  line.  Here  and  there  in  the  far-distant  south  and  west, 
however,  it  is  interrupted  by  an  elevation  apparently  similar  to  the  one  ascended. 
To  the  north  the  surface  rises  gradually,  the  horizon  appearing  not  more  than  throe 
mfles  away. 
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Pit  rrni. 
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'I'riH.'S. 


fi 

n 


Flowing  ill  a  northerly  and  westerly  direction  arc  some  small  creeks,  the  largest 
thirty  feet  wide,  the  banks  of  which  are  low  and  wooded  mostly  with  spruce.  In 
many  placos  a  luxuriant  growth  of  beaver  hay,  a  chain  or  two  wide,  borders  the 
streams.     The  soil  in  thoo   localities  i<<  a   very   rich  clay   loam. 

This  township    reseiuhles   the  preceding  ones  iu   its  genural  flat  nature. 

TOWNSHIP   NORTH  OF  PROSSER 


Hlm'k  «|>nnv  !"il''^l    ^^ 

Mi.-.k.i: i:^ 


Trees. 


lUru'i.-  »"\coiitc(l.) 


The  !)rule  which  in  the  description  of  Prosser  was  said  to  occur  on  its  northern 
boundary,  extends  about  two  miles  north  into  this  township,  and  then  sends  an  arm 
Diie-haU  mile  wide  in  a  north-westerly  direction  across  the  western  boundary.  It  ifl 
thus  of  considerable  size,  occupying  about  one-fifth  or  one-sixth  of  the  whole  township. 

A  creek,  thirty-five  feet  wide,  flows  northwest  across  the  eastern  boundary  3  m. 
4o  c.  from  its  southern  extremity.  Its  banks,  of  clay  loam,  are  fifteen  feet  high,  and 
wooded  with  fair-sized  black  and  white  spruce.  A  creek  of  about  the  same  siie. 
♦lowinp;  north,  was  crossed  on  the  north  boundary  1  m.  22  c.  from  its  western  ex- 
tremity.     At  tlii>  point  it  has  low  swampy  banks,   bordered  with  alder. 


TOWNSHIP   NORTH  OF  TULLY 


'I  \  |if. 


I'tT  (fill. 


Troes. 


Ml:iik  ^|»!  iii-i'  :nrr-t . 

I'ripl.-jt    ktii'll 

Mu^k.  «: 


7n 
U 


s 
IS 


Tlu.'  surface  of  this  township  is  inclined  to  be  rolling.     In  tho  northern  part 


re 


re 


several  small  lakes,  with   banks  twenty  or  thirty  feet  high,  well  timbered  with  po{>* 
averaging  sixteen   inrhos  in  diair.eter ;  white  spruce,  fifteen  inches;   birch,  ten  inch* 
and    sonu-   Mack    spruce.      Some    areas,    especially    in    this   part    of    the   township,     ^ 
admirably  a«lapte<l   to  suit  the  n^ods  of  tho  farmer. 

RI-(1I0N    NORTHWi:ST  OF   PROSSER 


tm- 


I'.T  I't'llt 


Tro*'*. 


P.I.ii  ;.    -I  Ti.ri     |.1«-1 

M.>k.-.'    


This    unsurveyeil    area    was   traversed    as    follows:    (1)    West    from    the    northW^^* 
corner  of   Prosser,  3  m. ;  north.    1    m. ;  east,   3  m.      (2)   West  from  the   west  bound*^-^ 
of  the  township  north  of  Prosser,  3  m. ;  north  of  the  termination  of  the  first  trip,  3  1^'  ^ 
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2  jii. ;   east,  3  m.     Thus  this   region  lios  west  of  the   western   boundary   of  the 
hip  north  of  Prosser,  and  is  three  miles  wide. 

s  the  table  shows,  this  area  is  very  largely  a  spruce  forest,  but  among  the 
spruce  ti.ere  are  a  good  many  dead  tamarack.  In  fact,  in  the  southern  part 
are  some  stretches  of  tamarack  swamp.  Doiihrh*'^';  the  surface  is  better  drained 
»r  wpst    nearer  tho  Mattagami   river. 

SECOND  TOWNSHIP  NORTH  OF  PROSSER 

Typo. 


Hljirk  spruco  ti»n.*»it. 


Poplnr  kiHil] 

Mti-kf^ 

K..rk    


iV't  i«'!'; . 

Trees. 

7^ 

.t 

]  'l 

7 
il*riili'!  exceptoil) 
11 

J 

ccupying  a  very  largo  proportion  of  tlie  w.«s  ern  half  of  this  township,  is  an 
of  brule  about  thirty  years  old.  At  the  present  time  this  area  is  a  small  spruce 
amarack  thicket,  arrowing  on  a  clay  subsoil,  which  is  overlaid  by  one  to  three 
►f  black  mould.  This  brule  crosses  thx)  western  boundary,  beginnnig  20  c.  from 
uthern  end,  and  continuing  north  for  1  m.  70  c.  It  also  extends  across  the 
Tn  boundary  beginning  1  m.  20  c.  from  its  wostorn  end  and  continuing  east 
I  c. 

here  is  a  gradually  rising  granite  hill,  eighty  fovt  hiiih.  at  a  point  within  the 
hip  3  m.  40  c.  north  and  2  m.  west.  The  sidos  rf  this  outcrop  which  extends 
30  c.  from  north  to  south,  are  wooded  with  black  and  white  spruce,  averaging 
1  inches  in  diameter ;  white  birch,  fourteen  inches  :  and  cedar,  twelve  inches. 
:ularly  interesting  as  far  as  this  report  on  the  timber  is  concerned  is  the  fact  that 
is  hill  arc  seven  white  pine  {Pinuv  strohvs)^  the  largest  twenty-two  inches  in  dia- 
.  This  is  one  of  the  very  few  clumps  of  white  pine  .seen  during  the  whtlc  summer, 
liin  covering  of  soil  about  this  outcrop  consists  in  some  places  of  a  white  powdery 
and  in  others  of  a  light  white  sand. 

he  creeks  of  this  township  are  about  the  same  size  as  those  in  the  one  to  the 
,  and  indeed  are  probably  continuations  of  them.  They  will  bo  valuable  agri- 
ally. 

SECOND  TOWNSHIP  NORTH  OF  TL  LLY 

Tyi'v.  }*.-r  (•••nt.  Trees. 


HWu'k  sprue.'  (u'.i>-\ 71  7 

•  '••I'liir  kii<»Il jn  11 

Mu-koj; '.•  


he  black  spruce  forest  of  this   township   is   more   broken  than   usual  by  areas  of 
tamarack.      Fallen  trees,    too,   are   rathj(»r   exceptionally   numerous. 

car  the  middle  of  the  tc  wnship  there  is  an  area  of  dry  rolling  land,  mostly  clay 
but  in  some  places  sandy,  which  is  wooded  with,  many  large  white  birch,  avor- 
fifteen  inches;  white  .spruce,  fifteen  inches;  some  poplar  and  balm,  fourteen 
;;  and  a  thick  undergrowth  of  mountain  maple  and  hazel  .  This  area  was 
jd  at  a  point  2  m.  from  the  western  boundary,  and  4  m.  19  c.  from  the  southern 
ontinued  north  for  41c.  It  stretches  a  mile  to  the  east,  and  in  this  part  there 
)ur  small  lakes,  with  banks  in  some  places  about  fifty  feet  high,  wooded  with 
r  like  that  just  described.  Around  these  lakes  are  some  good  cedar,  the  be^t 
luring  the  whole   summer,   many  trees  being  sixteen    inches  in  diameter. 
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LITTLE   TOWNSHIP 


Ty|>c.  Percent.  Trees. 


blnck  Miruce  forest 66  8 

Poplar  knoll  Hiid  river  bank 15  14 

Muskeg 16              

Jack  pine  area IS  5^ 


The  Frederick  House  river  flows  almost  diagonally  through  this  township,  from 
southeast  to  northwest.  In  this  part  of  its  course  it  is  about  two  chains  wide,  and 
has  a  sluggish  current,  unbroken  by  any  rapids.  For  the  first  mile  it  hag  low  swampy 
tanks  wooded  with  ten-inch  black  spruce,  but  for  the  rest  of  its  course  in  this  town- 
ship its  banks  are  from  thirty  to  forty  feet  high,  of  good  clay  loam,  and  well  wooded 
with  poplar  and  balm  of  Gilead,  sometimes  twenty  inches  in  diameter,  but  aTeraging 
sixteen,  and  white  spruce,  sixteen  inches.  This  timber  and  soil  extend  inland  about 
twenty  chains. 

The  soutbern  boundary  of  Little  extends  for  1  m.  15  c.  from  its  eastern  end 
through  spruce  woods.  The  trees  average  eight  inches  in  diameter,  and  grow  on  a 
clay  subsoil,  overlying  which  is  a  foot  of  black  mould.  The  neact  47  c.  extend  orer  a 
vmall  muskeg,  and  the  rest  of  the  southern  boundary  through  a  jack-pine  area,  in 
which  is  an  occassional  small  muskeg  with  a  sand  bottom.  This  area  was  bnmed  over 
about  fifteen  years  ago,  and  is  now  wooded  with  small  trees,  five  or  six  inches  in 
diameter.  As  usual  in  jack-pine  areas  the  soil  is  a  very  light  sand,  and  of  no  value 
agriculturally.  Toward  the  western  end  of  this  boundary  there  are  several  sandy 
hills  covered  with  young  white  birch  and  jack-pine.  The  jack-pine  region  extends 
in  a  northwesterly  direction  from  the  point  where  it  begins  on  the  southern  boundaryi 
f.  e.  1  m.  62  c.  from  the  eastern  side  of  the  township,  for  a  distance  of  about  three 
miles.  It  is,  however,  broken  by  small  areas  of  muskeg  (probably  with  sand  bottoms), 
tamarack  swamp,  and  one  small  rock  outcrop.  Thus  the  southwest  corner  of  Little, 
an  area  probably  about  one-fifth  to  one-quarter  of  the  township,  is  of  no  value  fer 
farming  purposes. 

MANN  TOWNSHIP 


TyiH*.  Percent. 

r j .- 


Trees. 


Wa(!k  spruce  forest 66  '  7 

1  (bnil6  excepted.) 

Klvor  bank  and  p(^)plar  knoll 26  l  12 


Muskoff 8 


(bruU  excepted. 


The  Frederick  House  river  runs  north  through  Mann  township  a  short  distance 
from  its  western  boundary.  Its  banks  are  here  about  thirty  feet  high  and  for  tho 
scuthern  two  miles  well  wooded  with  the  two  poplars,  spruce  and  balsam.  This  timber 
extends  about  thirty  chains  inland.  For  the  northern  four  miles,  however,  its  banks 
are  covered  with  small  poplar,   spruce,  balsam  and  birch,  about  thirty  years  old. 

The  first  falls  on  the  Frederick  House  occurs  just  within  the  southern  boundary 
of  Mann.  Here  there  is  a  drop  of  forty-six  feet,  which  would  a£Pord  valuable  water 
power. 

A  large  proportiqjji  of  this  township  was  burned  over  about  thirty  years  ago,  an>1 
is  now  wooded  with  spruce  and  tamarack,  five  to  six  inches  in  diameter,  and  poplti'f 
six  to  eight  inches.  Tho  brul^  extends  to  the  river  banks,  as  mentioned  above,  aliog 
the  northern  four  miles  of  its  course  through  this  township.  It  reaches  a  short 
distance  across  the  northern  boundary  beginning  2  m.  17  c.  from  its  western  extremityi 
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nd  continntng  eait  for  3  m.  43  c.  It  &ppear>  rIbo  on  the  Bouthern  boundary,  begin- 
ing  1  m.  90  c.  east  of  the  river  and  extending  eiet  1 3  tha  edge,  of  «  large  muskeg, 
bu  ronakeg  occupies  the  Bouthe&stern  corner  of  the  township,  and  in  extent  is  ahouc 
ne  mile  from  «Bst  to  west,  and  a  mile  and  a  half  'ro.n  norOi  tn  Boutli.  It  is  o\-er 
even  ff<^t  deep  and  would  thus  afford  a  cousiderablj  supp!;  uf  pcai 


FullH 


Ti.ivn.-]iii..     Oim  «(  upiK'] 


The  labor  of  clearing  the  land  in  this  township  will  be  reduced  to  a  n 
.iicount  of  the  large  amount  of  brul6.    The  soil  is  the  usual  clay  loam,  and  the  drain 
Ke  is  good. 

TOWNSHIP  NORTH  OF  MANN 


The  Frederick  House  river  continues  its  northerly  course  through  this  township, 
nd,  as  in  Mann,  flows  quite  near  the  western  boundary.  Its  banks  are  about  thirty- 
TO  feet  high  and  are  wooded  with  a  strip,,  ten  to  twenty  chains  wide,  of  spruce, 
reraging  fifteen  inches  in  diameter;  birch,  fon  inches;  poplar,  fourteen  inches; 
alsam  and  balm  of  Gilead,  eleven  inches.     Thus  there  are  more  birch  here  than  usual. 

The  soil  is  sandy  in  many  places,  and  in  one  locality,  ten  chains  north  of  the 

luthem  boundary,  where  the  bank  is  quite  steep,  the  soil  on  the  summit  is  a  sand 

)un,  whale  half  way  down  the  slope  it  is  clay.     In  many  other  localitiee  throughout 

be  whole  of  the  region  traversed,  where  sand  was  found  on  the  surface,  the  under- 

15  H. 
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lying  soil,  often  only  s  rew  iiichps  below,  was  found  to  bo  day.  Thus,  while  sometime* 
heavy  popfar  were  apparently  growing  on  saody  soil,  closer  examination  usualtf 
rcv<-iiic<t  tlio  fart  thut  thit  sand  whs  u  siirfacc-covt'ring  only  a  few  inches  in  thickneo. 
This  h  t)u!  case,  for  example,  on  Comhichiiig  Falls  portage. 

A  creek,  one  ?hain  wido  at  its  month,  empties  into  the  Fred.^r!ck  House  tortT 
chains  south  of  the  northern  boundary  of  thi>  township.  This  creek  was  ascended  in 
a  southeast  direction  for  two  miles  and  a  half,  where  farther  passage  was  blocked  bj 
driftwood,  the  creek  now  being  narrowed  to  tinrty  fc«t.  It  has  clay  loam  banki, 
ten  )o  twi'ntj  feet  high,  wooded  with  sprufe,  balsam,  popiar  and  some  birch. 

The  brule  of  Mann  township  which  has  been  said  to  extend  across  the  northern 
boundary  into  (his  one,  did  nut  appear  on  ftn  east  and  west  exploration  line  two  milM 
north  of  the  southern  boundary.     Thus  the  brulc  cannot  extend  far  into  this  township. 

The  fact  that  there  is  an  unusually  large  number  of  fallen  trees  in  this  township 
should  bo  mentioned.  Their  presence  will  considerably  increa^i  the  dilheully  o( 
clearing  the  land. 

SECOND  TOWNSHIP  NORTH  OF  MANN 


,lbnileexcep<«d.| 
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A  large  proportion  of  this  township  was  burned  over  about  forty-five  years  ago. 
3enco  much  of  the  fifty-five  per  cent,  of  spruce  forest  is  a  small  spruce  and  tamarack 
^liieket,  but  the  remainder  is  of  trees  averaging  eight  inches  in  diameter.  The  poplar 
cncUs,  teo,  are  largely  brul^,  but  the  trees  have  grown  remarkably  quickly,  and  average 
thirteen  inches  in  diameter.  One,  which  measured  fifteen  inches,  had  only  forty-three 
rings  of  growth.  It  was  a  perfectly  solid  tree,  forty  feet  high.  Tbe  soil  is  a  rich 
?]ay   loam. 

This  township  seems  to  be  fairly  well  drained,  having  a  rolling  surface,  and  some 
streams  of  moderate  size.  The  Frederick  House  river  flows  northwest  across  its  south- 
urestern  corner,  crossing  the  western  boundary  one  mile  from  the  corner,  i.  e.,  at 
m.  157  on  Niven's  line. 

McCART  TOWNSHIP 


Type. 

Per  cent. 

1 

Trees. 

Black  spruce  forest 

56             ' 

11 

Poplar  knoll  and  river  tjank 

Muskei? 

10 

1              V2 

11 

Jack  nine  area 

20 

10 

Rock 

2 

The  surface  of  McCart  township  is  inclined  to  be  rolling  *in  nature.  The  streams 
are  of  fair  size,  one  in  the  middle  of  the  township,  being  fifty  feet  wide.  Along  these 
streams  are  many  large  white  spruce,  some  even  twenty-nine  inches,  but  averaging 
seventeen,  and  some  birch,  but  very  few  poplar. 

The  middle  two  miles  of  the  eastern  boundary  run  through  jack-pine  country, 
which  has  within  its  limits  several  small  lakee.  These  are  bordered  by  sandy  and 
gravelly  banks,  thirty  te  forty  feet  high,  wooded  with  jack-pine  and  white  birch. 
This  area  extends  in  a  southwesterly  direction  until  it  reaches  the  southern  boundary 
along  the  eastern  end  of  which  it  extends  for  two  miles.  The  trees  of  this  area  will 
make  good  railway  ties. 

Within  the  township  about  one  mile  north  and  three  miles  east  is  a  ravine  o( 
glacial  origin,  with  banks  about  sixty  feet  high,  composed  of  coarse  sand,  gravel  and 
boulders.  The  value  of  such  a  deposit  in  an  almost  wholly  clay  country  is  self-evident. 
In  this  locality  the  timber  is  very  heavy,  white  spruce,  twenty  inches  in  diameter, 
and  white  birch,  sixteen  inches,  being  very  numerous.  These  birch  were  the  largest 
seen  during  the  whole  summer.  In  this  township  the  white  birch  is  quite  often  found 
P'owing  in  the  black  spruce  forest.  A  few  large  yellow  birch  (Betula  lutea)  were  seen 
along  the  southern  boundary,  but  this  tree  is  of  rare  occurrence  in  the  region  tra- 
versed. 

While  the  more  valuable  timber  trees,  white  spruce  and  white  birch,  are  more 
r*umerou8  and  of  a  larger  size  than  usual,  the  opposite  is  true  of  the  poplar.  As 
this  fact  would  indicate,  the  soil  is  lighter  than  is  usual,  there  being  a  considerable 
amount  of  sand  loam  in  McCart,  besides  the  exceedingly  light  soil  of  the  jack-pine 
area  in  the  eastern  part  of  the  township. 

NEWMARKET  TOWNSHIP 


Type. 


Per  cent, 


Black  spruce  forest , 

Poplar  knoll 

Muskeg 


58 
16 
26 


Trees. 


7 
10 
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The  blftck  Bprnce  forest  of  this  townihip  is  coniiderablj  braken  by  tnu  of 
tamarack  swamp,  in  vMcli  there  is  now  a  very  dense  Erowth  of  heary  alder. 

The  central  part  of  the  towiuhip  has  a  roUiag  surface,  and  here  white  spruce  tai 
I.opUr  are  scattered  through  the  black  spruce  forest.  This  part  of  the  township,  with 
its  beautiful  galleys  will  make  exceptionally  good  farming  country. 


CALVERT  TOWNSHIP 


Hlark  op[ 
Fnplar  ti 


FntJar  knull  and  lirvr  bniik   . 


The  Abitibi  river  flows  north  through  Teefy  township,  about  one-half  mile  from 
the  eastern  boundary  of  Calvert.  Near  the  northwest  corner  of  Teefy  it  takes  a  tu*"" 
to  thc>  northwest  and  flows  acrosa  the  corner  of  this  township.  The  river  bank  tyV* 
at  soil  and  timber  extend  inland  in  this  part  of  the  course  of  the  Abitibi  about  thrc* 


Calvert  Township. 

Consequently,  the  eastern  part  of  Calvert  is  well  drained,  baa 
ne  forty  to  fifty  feet  deep,  and  is  heavily  timbered.  De^  ravinM 
rr«  characteristic  of  townships  on  the  Abitibi  river,  and  the  banks  of  these  in  nearly 
every  case  are  heavily  wooded  with  poplar,  white  spruce,  balsam,  black  spruce  anJ 
bahij  of  Gilead.    Jack-pine  and  white  birch  occasionally  occur  in  parta  having  a  ligbt 
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.  Thus  in  the  poplu-  areas  in  the  eastern  pArt  ci  this  township  there  Are  many 
:e  white  sprace  eighteen  inches  in  diameter,  but  averaging  about  sixteen,  besides 
poplar,  which  average  eighteen  inches. 

The  jack-pine  plain,  which  in  the  deecription  of  McCart  township  .wai  said  to 
it«h  along  the  middle  two  miles  of  its  eastern  boundarj  extends  into  this  township 
>  northeast  direction.  Along  the  line  between  conceasions  five  and  six  it  extends 
3  m.  55  c.  The  trees  average  twelve  inches.  Along  this  line  one  mile  and  three- 
rters  frcxn  the  western  boundary  the  jack-pine  plain  ia  broken  bj  a  rocky  hill 
ut  one  hundred  feet  high.  Owing  to  the  covering  of  black  spruce  and  jack-pine 
this  hill  a  good  view  of  the  surrounding  country  could  not  be  obtained.  What  could 
seen  to  the  north  appeared  to  be  nearly  all  black  spruce  forest. 

AURORA  TOWNSHIP 


B1bi-1[  tpnice  loreal . , 
Miu>kPK 


The  Abitibi  river  flows  north  through  the  middle  of  this  township.  Above  the 
k  Deer  rapida  the  banks  are  quite  low,  and  are  wooded  with  black  and  wh'te 
ice,  averaging  fifteen    inches,   birch    and    balsam.      The    soil    here   is  sand?  and 


Abitibi  river  bank  junt  ulwve  Buck  Deer  Rapid,  Aurora  Township. 

r  in  hmnna  and  other    constituents    of    value,  as    the    chemical  analysis  shows — 
animal  condition  on  a  river  bank.     From  the  Buck  Deer  rapids  to  Uie  northern 
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boundary  the  river  banks  are  much  higher,  and  are  wooded  in  the  ordinary  iraj,  i.  (., 
with  novA  poplar  and  large  white  spruce  predominating.  Some  fair  sized  cedar,  many 
trees  fifteen  inches  in  diameter,  also  occur. 

Inland  from  the  river  the  township  is  largely  of  the  black  spruce  foreat  typ4. 
The  trees,  though  of  a  fair  size,  averaging  nine  inches,  are  rather  scattered,  as  there 
are  a  great  many  "irindfalls"  in  this  township.     The  soil  is  for  the  most  part  the  usual 

TEEFV  TOWNSHIP 


UWi-r  lank  awl  ■■.|<lHr  knnlL  . . 


The  Abitibi  river  flows  through  Teefy  township  in  a  course  shaped  like  a  hon^' 
^oe,  with  the  concavity  directed  northward.  Toward  the  eastern  side  of  the  townski^ 
the  banks  are  rather  steep,  about  seventy  feet  high,  and  wooded  with  poplar,  Eom^ 
twenty-nine    inches   in   diameter,    but   averaging   eighteen ;    black    and    white   spniw  r 


fifteen  inches ;  balm  of  Gilead,  sixteen  i 
pine.  AIdiij;  Ihc  wpstoiii  part  tf  its  co 
rising  bnnk'i,   beautiful   slopes 


western   part  lioquois   falls,  fifteen   feet   high 


-hes;  balsam  and  occasional  birch  and  jack- 
so  the  rivor  lias  lower  and  more  gradually 
the  other  part.      In  thit 


These  falls  will  be  &  source  of 
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Jrtiiiuuin  FallB,   H■f•^itl■^^l  anil  ii-iilr.il  liivisiuiis,  Te<-f>-  Towiwhip. 

«  w&tcr  power.     The  river  banks,   in  both  the  eastern  and  the  weBttjrn  parts  of 
rse,  are  broken  by  numerons  ravines,  the  deptli   varying  with  the  height  of  tba 
Many  of  them  hare  hteep  sides. 


to    til 


ssiiity-two  per  (.-ont.  of  the  toiriiBhip 
er.      The   rivor    bank   timber   extends 

I  lire  many  piplar  knolls  with  timber 


very   rich  day  loiun  soil 

1    with    rivur   bank   and   poplar   knoll   I 

from  one  tt-  two  luilcs.  nnd  farther  in 

I  like  that  of  the  rivir  bank. 

e  jnck-pino   occur    along  tlip   eastern   boundary   beginning   ten   chains   south    if 

'er,   and   extondins   south   fur  1   m.   12  c.      Some  whit«   birch,    black   and  wbiti* 

and  balsam  arc  us<io<.'int<<d   with   the  jack-pine  in  this  locality.      Three  small 
cciir  tilong  this  boiniiliiry. 
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Poplar  knoll 
Muflkeg....  . 
Rock 


EDWARDS  TOWNSHIP 

■ 

Type.                                            1 

Per  cent. 

Trees. 

» forest 

1 
1 

C4 

22 

13 

1 

9 

(bral6  excepted) 
13 

1 

1 

An  area  of  brul^  twenty  to  thirty  years  old  occu;  ies  the  northeast  quarter  of  this 
towiuhip.  Throughout  the  brul^  there  are  occasional  small  isUnds  of  the  originul 
forest.  Elsewhere  it  is  a  small  spruce  and  tamarack  tiiicket,  with  few  poplar  and 
birch. 

On  the  northern  boundary  2  m.  20  c.  from  its  eastern  end  there  is  a  hill  of  rock 
about  sixty  feet  high.  From  the  top  of  this  hill  the  country  to  the  north  appears 
to  be  almost  wholly  black  spruce  forest,  while  to  the  south  there  is  a  considerabla 
pxoportion  of  poplar  knoll,  indicating  better  drainage  in  that  direction. 

The  muskeg,  it  would  seem,  is  for  the  most  part  near  the  center  of  the  township. 

RICKARD  TOWNSHIP 

Typo. 

Blnck  spnu'o  ft>rest 

RiviT  bank  and  poplur  knoll 

M  uskr^f 

jRi'k-i)ine  aroH 

The  Abitibi  river  pursues  a  westerly  course  near  the  northern  boundary  of  Rickard 
township.  Its  banks  are  lower  and  more  gradually  sloping  than  in  the  eastern  part 
of  Teefy,  the  adjoining  township  to  the  west.  Ravines,  similar  to  those  in  Teefy, 
occur  along  the  river  banks,  but  are  not  so  numerous  nor  so  deep.  The  river  bank 
tfmber  and  also  that  of  the  inland  part  of  the  township  resembles  the  timber  of  Teeff, 
but  is  not  quite  so  heavy. 

The  jack-pine  area  occurs  along  the  western  boundary,  and  has  been  referred  to 
in  the  description  of  Teefy. 

WESLEY  TOWNSHIP 

T\|)o.  l'rrt'<»nt.  Trees. 


Per  fcut. 

Trees. 

1 
38 

10 

...     '               53 

IC 

....  !               5 

BljH-k  spnirr  fon'.vt 42  8 

(bnile  exreptetl) 
I'oplar  knoll  ami  liviT  Imnk 48  15 


Mu>k.-^' 10 


(brule    excepted) 


•  •  •  ' 


Flowing;  in  a  southwesterly  direction,  almost  diagonally  across  Wesley  township, 
i.  tiio  Misto-ogo  rivor,  a  tributary  of  the  Abitibi.  This  river  is  about  one  chain  wide 
in  the  centre  ot  the  township.     Some  of  its  branches  flow  through  beautiful  valleys. 

The  brule,  which  lias  been  said  to  occupy  tho  northeastern  part  of  Edwards,  is 
also  pnsent  in  this  township,  and  here,  too,  is  of  considerable  size.  It  was  seen  in 
the  following  localities:  (1)  On  the  western  boundary,  from  a  point  40  o.  from  the 
northwest  corner  of  tho  township,  extending  south  2  m.  10  c.  (2)  On  the  eastern 
boundary,    from   a   point  1   m.    17  c.  from  the  southeastern    corner  of  the   township, 


s 
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iing  south  1  m.  73  c.     It  thus  reaches  into  Rickard  and  Knox  for  a  short  dis- 
(3)  On  a  north  and  south  line,  2  m.  from  the  eastern  boundary,  beginning 
10  c.  from  the  northern  boundary,  and  extending  south  for  1  m.  59  c. 

hus  there  appears  to  be  a  strip  of  bruM  about  two  miles  wide  extending  across 
iwnship  from  southeast  to  northwest.     Most  of  this  b  of  the  poplar  knoll  typo. 

KNOX  TOWNSHIP 


Type. 

Per  cent. 

1 

.Trees. 

Black  Koruce  forest 

Poplar  knoll  und  river  bank 

1 

'               26 

70 

8 
15 

Rock 

4 

1 

be  Abitibi  river  flows  westerly  through  Knox,  slightly   north  of  the  middle  of 
•wnship.     Its  banks  are  similar  to  those  in  Rickard,  both  in  soil  and  timber. 

long  the  southern  half  of  the  eastern  boundary  and  the  eastern  half  of  the 
)rn  boundary  are  several  low  rocky  ridges  wooded  with  black  spruce  and  while 
In  the  intervening  valleys  the  soil  is  clay  loam  on  which  grows  poplar,  spruce, 
Q  and  balm.  Occasionally  sandy  soil  occurs,  and  here  white  birch  of  a  fair  size 
nd  growing  with  the  black  spruce. 

^t  a  point  2  m.  48  c.  west  and  58  c.  to  75  c.  north  is  a  rocky  hill,  one  hundre*! 
ifty  feet  high.  The  nature  of  the  country  as  indicated  by  the  view  from  this 
3ntrasts  very  favorably  with  that  of  the  area  about  the  similar  hill  in  Prosser. 
e  latter  case  most  of  the  country  visible  was  a  black  spruce  forest  with  stretches 
id  tamarack  and  occasional  poplar  knolls.  In  this  case,  on  the  other  hand,  the 
inding  country  is  almost  wholly  wooded  with  poplar,  and  there  is-  only  here  and 
a  small  area  of  black  spruce.  This  township  thus,  as  indicated  by  its  timber,  is 
drained,  and  although  the  large  number  of  fallen  trees  will  render  clearing 
lit,  it  will  be  especially  valuable  from  the  agricultural  standpoint. 

MOODY   TOWNSHIP 


Type. 


Per  cent. 


Trees. 


Black  8pruce  forest 

Poplar  knoll 

MuHkeff 

Jack  pine  area.... 


1 

49              i 

7 

21 

14 

20              '. 

10 

11 

iS  these  percentages  indicate,  Moody  township  is  poorly  drained.  A  large 
eg  extends  south  from  the  middle  point  of  the  township  for  2  m.  27  c.  In  the 
e  it  is  at  least  a  mile  wide,  and  is  over  seven  feet  deep. 

ilong  the  eastern  boundary  on  the  second  and  third  miles  from  its  southern 
are  several  narrow  jack-pine  ridges,  the  trees  averaging  from  ten  to  twelve 
s  in  diameter. 

TOWNSHIP  EAST  OF  KNOX 


Type. 


Black  spruce  forest 

River  bank  and  poplar  knoll 

Muskeg 

Jack-pine  area 

Rock 


Per  cent. 

Trees. 

' 

42 

53 

2 

2 

1 

8 

15 
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The  Abitibi  flows  west  about  three  miles  north  of  the  south  boundary  of  this  town- 
ship. Its  banks  are  about  thirty-five  feet  high,  and  are  of  the  ordinary  type,  clay 
loam  weeded  with  poplar  and  spruce  cbiofly.  Couchiching  Falls,  thirty-five  feet  high, 
c-ocur  about  one  mile  and  a  half  from  the  western  boundary  and  would  afford  valuable 

water  power. 

Flowing  into  the  Abitibi  from  the  south  about  three  miles  from  the  western 
hoondary  is  a  beautiful  stream  of  clear  water,  the  Dokis  creek,  one  chain  wide  at  iti 
mouth.     Its  banks  are  from  ten  to  fifteen  feet  high«  are  of  clay  loam  and  well  wooded. 

Some  areas  of  sand  loam  occur  in  this  township,  e.  g,y  along  the  southern  boundary. 
On  this  boundary,  too,  4  m.  7  c.  from  the  western  end,  there  is  a  spring  of  sulphur 
water  which  deserves  mention. 

Only  the  western  and  northern  boundaries  of  this  township  have  been  run. 

TOWNSHIP  EAST  OF  MOODY 


Type.  Percent.  Trees. 


Bl«ck  spruce  forest 57  7 

Poplar  knoll !  18  14 

MoskefiT 12             

Jack-pine  area 13            I 


The  immediate  shore  of  lake  Abitibi,  which  adjoins  the  eastern  side  of  this  area, 
is  for  the  most  part  very  rocky  though  in  some  places  sandy,  and  in  others  swampy. 
The  neighboring  bank  is  from  thirty  to  fifty  feet  high,  and  b  wooded  with  spruoe, 
birch,  jack-pine,  poplar  and  balsam,  growing  mostly  on  a  sandy  soil. 

The  northern  part  of  this  area,  that  which  is  drained  by  the  Dokis  river,  is  from 
the  agricultural  standpoint,  the  most  valuable. 

Only  the  western  and  northern  boundaries  of  this  township  have  been  run. 

THIRD  TOWNSHIP  NORTH  OF  TULLY 

The  number  of  miles  travelled  in  this  township  (and  also  in  the  next  one),  is  so 
much  smaller  than  usual  (the  average  being  20  m.  58  c),  that  it  will  not  justify  the 
drawing  up  of  a  percentage  table. 

The  Frederick  House  river  flows  northwest  across  the  eastern  boundary  one  mile 
from  its  southern  extremity,  and  continuing  its  northwesterly  course  crosses  the  north 
boundary  at  its  middle.  For  the  northern  two  miles  its  banks  are  about  thirty-five 
fSeet  high,  of  a  clay  loam  soil,  and  are  wooded  with  large  poplar,  spruce,  balsam  and 
tome  balm,  and  birch.  At  the  northern  boundary  this  timber  extends  inland  fourteen 
diains  on  the  west  side  of  the  river.  For  the  rest  of  its  course  in  this  township  the 
banks  are  lower,  are  of  a  sandy  soil,  and  are  wooded  with  spruce,  birch,  balsam  and 
few  poplar. 

Several  lakes  in  this  township  have  steep  banks,  forty  feet  high,  wooded  with 
large  spruce,  poplar  and  birch.  These  lakes  would  appear  to  form  part  of  a  chain 
of  small  lakes  about  one  mile  west  of  the  river. 

Inland  the  township  is  largely  of  the  black  spruce  forest  type,  with  trees  averaging 
eeren  inches  in  diameter. 

THIRD  TOWNSHIP  NORTH  OF  PROSSER 

Flowing  north  through  this  township  and  crossing  its  northern  boundary  1  m. 
24  c.  from  its  eastern  extremity  is  a  river  two  chains  wide,  with  banks  about  twenty- 
five  feet  high,  wooded  as  usual.  The  trees  here  however  are  young  ones,  one  poplar 
sevent^RSn  inches   in  diameter  having  only    forty    annual    rings — a    remarkably  quick 
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growth.  Th«  bml^,  of  which  these  Iftrge  poplu"  trees  form  a  pftrt,  extends  alon^^^ 
reftrly  all  of  the  aortbem  boundar?,  and  is  mostly  »  smkll  spntco  uid  tamarack  thicket=i  _ 
One  of  the  finest  poplar  knolls  seen  during  the  lummer,  howdrer,  is  included  in  thi  ^ 
brul£,  and  occupies  the  northwestern  comer  of  the  township.  The  treea  arerag  .^ 
twelve  inches  in  diameter,  nre  about  torty  years  old,  and  there  is  scarcely  a  fallen  tre.^^ 


in  tho  whole  area.  Only  small  stretches  of  this  brule  were  seen  on  an  east  and  me^i 
line  tlirco  miles  south  of  ftie  northern  boundary.  This  line  extended  for  the  most  part 
tlirounh  wet  spruce  woods,  th(?  trees  avoraging  six  to  seven  inches  in  diameter.  Here 
and  tlierc  hnivivor  ivtTc  small  urpas  of  miiskcg. 


Oil 


An  accurate  record  of  the  toniperaturo  was  kept  during  the  four  months  in  the 
J  Belt.     The  minimum  tcmperaturcH  were  registered  by  a  minimum  thermometer, 


and  the  readings  wore  made  abnnt 
end  two   p.   m.  are   approximately  the   . 
maximum  temperatures  a  reading   was 


The  temperatures  noted  between  c 

ddition  t«  the  mi n imam  and 
>vening  about  half-past   eight 


Those  temperatures 
iKites  on  the  amount  of  i 
of  the  winds. 


iro   presented    in    the    following   table,    together    with    some 
linfell  and  sunshine,  and  the  relative  velocity  and  direction 
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JUNE 


Minimum. 

1    Maximum 

8.30  p.m. 

Rain,  sunshine,  winds. 

87 

63 

Clear. 

4S 

Cloudy,  showers  In  momlns  and  eveninff . 

47.5 

66 
07 

Cloudy. 

52 

Cloudy,  showers  at  Intervals. 

48 

57 

68 

Cloudy,  rain  all  morning. 
Clear,  strong  N.  W.  wind. 

SO 

42 

76 

62 

Clear. 

S8 

82 

70 

Clear. 

89 

80 
86 

Clear. 

42 

68 

Cloudy  in  evening. 

49 

76 

68 

Mostly  clear,  rain  at  night. 

45 

66 

58 

Rain  until  11  a.m..  Showery  after.  Strong  N.  W.  wind. 

42 

58 

52 

Cloudy.    N.  W.  wind. 

37 

76 

64 

Clear.    N.  W.wind. 

86.5 

61.5 

59 

Cloudy,  shower  from  3  to  4  p.m.,  with  thunder  in  distant 
west.    S.E.  breeze. 

42.5 

60 

50 

Clear.    S.  W.  breeze. 

88.5 

H4 

63 

Clear. 

51 

82             ' 

70.5 

Clear.    N.  W.  breeze. 

52 

62 

46 

Cloudy.    Strong  N.  K.  Wind. 

28 

64 

52 

Clear. 

87 

75 

70 

Clear. 

57 

75 

74 

Cloudy,  showers  after  4  p.m.    Strong  S.  W.  wind. 

56 

77 

70 

Cloudy. 

56 

62 

49 

f  Passing  clouds.    Vcr>'  strong  S.  W.  wind 

(  Dead  tamarack  blowing  down  about  camp. 

39 

74 

61.5 

(Hear.    Strong  N.  W.  wind. 

40 

73 

64 

Clear.    Strong  H.  W.  wind. 

40 

71 

60              1 

Showers  after  noon.    N.  W .  wind. 

50 

71 

56 

Cloudy.    Showers  in  a.m.    Strong  northerly  wind. 

JULY 


Minimum. 

Maximum. 

8.30  p.m. 
53 

1  Rain,  sunshine,  winds. 

89 

62 

Clear.    N.  W.  wind. 

39 

57 

60 

Clear.    N.  W.  breeze. 

88 

75 

59 

Clear.    Strong  8.  W.  wind. 

Cloudy.    S.  W.  breeze.    Shower  at  night. 

48 

60 

54 

43 

64 

52 

Cloudy  at  intervals. 

40 

6K 

44 

1  Clnar. 

33 

84 

64 

(near. 

42 

HI 

63 

Clear. 

58 

66 

64 

Kain  until  2  p.m..  cloudy  afternoon. 
Clear.    N.  W.  breeze. 

58 

78 

58 

48 

70 

68 

Clear. 

52 

52 

45 

Cloudy.    Showers  after  noon .  S.E.  breeze. 

36 

77 

63 

Cloudy.    Shower  about  2  p.m. 

39 

78 

69 

Cloudy  after  noon. 

56 

70 

67 

Showery. 

Cloudv  n  a.m.    N.  W.  breeze. 

47.5 

f.7.5 

62.5 

50 

87 

62 

Thunder  storm  in  early  morning.  Clear  after  7a.m. 

42 

84 

78 

Clear.    W.  breeze. 

65 

8U 

64 

Clear. 

42 

65 

56 

Clear.    N.  W.  breeze. 

33.5 

OX 

51 

Mofitly  clear.    Showery  in  p.m.    N.W.  breeze. 

30 

61              , 

48 

Clear. 

26 

7<i 

5<> 

Clear. 

33 

75 

62 

Clear. 

50 

77 

62 

Clear. 

bb 

80              1 

58 

Clear. 

56 

7-^ 

65 

Showery. 

46 

60              ' 

52 

Cloudy.    W.  breeze. 

37 

74 

62 

Clear.    S.  W.  breeze. 

40 

60              i 

60 

Cloudy,    rain  all  morning. 

52 

74 

5*5              1 

Clear.    Strong  8.  W.  wind. 

Bureau  of  Mines 


M.-Hy  cleat. 
<']ouiry  nli«rn< 
Cleiir, 

Cloudy  afler  ii( 
Hniti  in  murnli: 


Monll)-  I'li'Bt 
ClmMj'in  p 


Rail]  al  nighl. 

ia  evenlnir. 
Strong  «.  wind 


Cluar.    StniligS.W.  wind. 

<^1iiiidy.    Knlii  at  nighl. 
Hhnwery.     VviyxttoogW  wind. 

Mij«Ily  i-lrar,     Thiitidcrabuwer  aboat  4 

Cimr.    SlioHcry  In  pvculug! 


.w 

ri..iiily,  driallrg  In  a.m. 

Kadi  ill  pm. 

Kaiii  bU  diir.    An  autniuii  dai 

4<> 

Si|l.)HtTJ-, 

i:lenr. 

(■i™r.    N.W.  bn-pio. 

4H 

1  M.Mly  clear. 

1  MiftOi-  clear. 

57 

■  Miisll^-d,.«r. 

.Iniirty.    N.W.  treeze. 
rLuii.i)-aHntcn'«l8. 
CloiKly.    Raiii  at  nlsht. 

M.Bily  .-lUir: 

Showory.    Strong  K.W.  wlpd. 

38 

Clotiay, 

Rain  at  nigli) 
y.    KHin  before 


Ba.m.    W.  wind. 
Very  strong  N.W.  wind . 
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a  next  table  gives  the  average  daily  minimum  and  maximnm  temperatures 
h  month,  and  the  monthlj  extremes  of  the  summer  of  1904,  in  the  Clay  Belt 
the  vicinity  of  Quelph.  These  latter  figures  wore  kindly  supplied  by  Profeeeor 
ds  of  the  Ontario  Agricultural  College. 

TEMPERATURE  OF  CLAV  BELT  AND  QUELPH 


h                   RPdlnn 

Mmn  dally 
1        Mintaunf 

Mean  daily 
Maximum 

70.  a^ 

Monlhly 

Minimum 

■jn.OUon'Iiaii 
41. M  on -Ok} 

Mniithlv 
Maxlmtmi 

:  1^^  ^j^ 

-B  00    n  Ith 

:  (iiiHpii 

U.32 

M.OOulil^Mi 

.■■vniJiBell 

liiidl.U.. 

26,00  on  Wrd 

Ii-,fl0nnl7th 

1i  14 

17,091)11  SlBl 

Gupirh 

W.OI 

r...l  <1ii5-Bcll 

UiU'ljih 

::[      S.S 

?,s 

!>l,»i>ii2n<lan(13Td 

comparing  the  Clay  Belt  tctnperatureE  with  those  of  southern  Ontario,  it  will 
trved  that  there  is  little  difference  between  the  maximum  temperatures  in  the 
pons  for  the  months  of  June  and  July-    The  minimum  temperatures,  however, 


Indian  hut  and  jKitato  patch,  west  ihore  of  Frederick  Mouse  Lflke. 

onsiderably.  This  would  be  expected  as  many  of  the  readings  were  made  in 
-uce  woods,  in  some  of  which,  even  in  the  late  anmmer,  ice  was  found  ooly  a 
two  below  the  surface  of  the  moss.     The  minimum  temperature  registered  at 
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night  would  be  much  more  affected  by  the  proximity  of  this  ioe  than  the  maxiiiinm 
taken  between  one  and  two  o'clock,  when  the  heat  of  the  sun  is  greatest.  When  the 
country  is  cleared  this  ice  will  melt  in  the  spring,  and  the  minimum  temperatures 
will  be  considerably  higher. 

There  is  reason  to  believe,  however,  that  the  summer  of  1904  was  unusually  cold 
in  the  clay  belt.  Mr.  T.  B.  Speight,  O.L.S.,  in  the  report  of  his  explorations  in  this 
ifgion  in  1900,  says  that  only  two  frosts  occurred  during  the  whole  of  that  summer. 
Again,  Mr.  G.  F.  Kay,  B.A.,  reports  concerning  the  temi>erature  of  the  same  region 
for  the  summer  of  190d,that  no  frosts  occurred  between  17th  June  and  1st  September. 

The  whole  region  which  this  report  concerns  is  south  of  the  forty-ninth  parallel 
cf  latitude,  which  constitutes  the  southern  boundary  of  Manitoba.  Hence,  from  con- 
siderations of  latitude  there  is  no  reason  why  the  climate  of  this  region  should  1m 
more  severe  than  that  of  southern  Manitoba. 

• 

That  certain  vegetables  and  fruits  can  be  grown  in  this  region  even  at  the  present 
time  is  known  by  experiment.  An  Indian  who  lives  on  the  western  shore  of  Frederick 
House  lake  has  fair  success  in  raising  potatoes,  even  though  he  merely  throws  the  seed 
on  the  ground,  covers  it  with  a  little  soil,  and  then  pays  no  attention  to  his  garden 
until  he  digs  up  his  crop  in  the  autumn.  At  Fort  Matachewan,  according  to  Mr. 
Lafracain,  potatoes  grow  well,  as  also  rhubarb,  lettuce,  radishes,  onions,  carrots  and 
cabbages.  Some  seasons  pumpkins  and  cucumbers  do  well.  Mr.  Miller,  of  Fort  Matta- 
garni;  tells  a  similar  story.  He  has  succeeded  in  growing  some  cf  the  smaller  fruits 
as  well  as  many  vegetables. 

Rainfall 

June  and  July  in  the  Clay  Belt  in  the  summer  of  1904  were  good  growing  months, 
with  plenty  of  sunshine  and  a  sufficiency  of  rain.  August  was  a  duller  month,  and 
had  a  greater  rainfall.  September  was  a  very  wet  month  wi£h  niunerous  rain  storms, 
and,  on  the  twentieth  and  twenty-first  days,  snow  flurries.  It  is  an  interesting  fa:t 
that  thunder  storms  were  noted  on  only  three  occasions.  17th  June,  17th  July,  and 
28th  August,  and  these  were  of  the  mildest  possible  nature,  when  compared  with 
the  frequently  heavy  electrical  storms  of  southern  Ontario. 

Seasons 

Mr.  James  Miller  and  Mr.  S.  Lafricain,  Hudson  Bay  Company  factors  at  Forts 
Mattagami  and  Matachewan  respectively,  say  that  winter  sels  in  about  the  middle  of 
November,  anH^  that  the  snow  disappears  and  the  ice  breaks  up  about  the  end  of 
April  or  early  in  May.  The  snowfall  amounts  to  three  or  four  feet.  Thus  it  would 
seem  that  winter  in  this  part  of  the  Province  is  not  much  more  severe  than  was  th*t 
of  1903-1904  in  southern  Ontario,  and  that  it  resembles  very  much  the  ordinary  winter 
of   Manitoba. 

The  Clay  Belt  summer  is  somewhat  shorter  than  that  of  southern  Ontario.  The 
fact  that  it  is  about  three  weeks  later  is  shown  in  the  list  of  fiora,  which  gives  dates 
ot  flowering  of  plants  in  both  parts  of  the  Province.  The  early  autumn  is  shown  in 
the  temperature  record. 

111.    FLORA 

The  plants  named  in  the  following  list  were  identified  by  the  aid  of  Gray's 
Afanual  of  Botany.  In  some  cases  it  was  impossible  to  be  certain  of  the  diagnosin 
because  of  the  scant  literature  at  hand,  and  on  account  of  vaneties  in  the  Clay  Belt 
not  yet  described.     The  names  of  such  plants  are  marked  with  an  asterisk. 

The  date  of  identification,  which  in  most  species  is  approximately  tEe  first  date 
of  flowering,  is  given  alongside  the  name  of  the  plant,  together  with,  m  many  easel; 
the  first  date  of  flowering  of  the  same  plant  in  the  vicinity  of  Guelph.  The  latter  dates 
were  kindly  supplied  by  Mr.  A.  B.  Klugh,  secretary  of  the  Wellington  Field  Natural- 
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ociation,  to  whom  I  here  tender  my  thanks.  A  comparison  of  a  large  number 
dates  of  flowering  shows  that  the  summer  of  the  Clay  Belt  is  from  two  to  three 
later  than  that  of  southern  Ontario. 


Flora  of  the  Clay  Belt 


riHiit 


IS  nuM'iiiosa 

iiuiji 

uniiKliHonnn 

I  •iliiilH 

•hivT  Canadensis 

udicaulis 

iriduni 

noslMiti 

nstniuim 

lhi>s  trifoliata 

:»i(>ata,  nibni 

a  Caroliniana 

triK«>Mis 

'iflorns 

ulustris 

ilus  ab«>rtivns 

\*i  Ainorirana 

ia  panicMilata 

u.«»  rost'Hs 

^ni 

romniira 

nida 

l>ruui    

«'  nemonisa 

edtt  p<»lifolia 

ia  8teIlRta 

^lauea 

I  civnilea 

involiienita 

atifolium 

ifolia 

"anadensf 

im  Ponnjiylvanioum.. 

tiindifolia 

fKtrealis 

t  Vin;iniana 

VCJM'ft 

s  maritima 

K  tiorealis 

emnin  (Tanadcnse 

da  pnrpnrea ' 

im  Oxycoccns ' 

ra  livlda 

•  (»reali8 

icolor 

a  trifolia  

lium  pnlMfScen.s 

luda 

vale 

tolonifcra i 

>iza  !)rcvistylis > 

iilus  hisoidus I 

m  opnlas 

I  (iblonuifolia 

atum  biflomm 

iliiK  Flainmnla  var.  in-: 

•dius 

m<Ticana ' 

ra  pallida 

fetosella 

e  Pennjiylvanioa 

s  ^lauca* 

advena  

Dtiindifolia.  inc^mata  . 

lira  iMjlygomim 

iriflunini 

hlorantha 

lium  pan'iflorum > 

i  <;n.imlandica ' 

an  f?UMti  folia 

e  parvifiora 

trifldnm '■ 

Hum  a<*aiile > 

la  Pennsyl  vanica i 

Dtnndifolia ' 

I  Sullivantii 

rictura 

I  triflda 

I  biillKMia 

a  repens 


Clav 

Lwlt 

June. 

...r» 

...« 

...7 

.  .  .  t 

.  .  .  1 

. .  .7 

...7 

mm 

.  .  .  / 

...7 

. .  .7 

...s 

...H 

...>* 

...H 

...s 

...>< 

...H 

...9 

...9 

. .  .*.» 

...9 

...9 

...9 

...9 

..1(» 

..10 

..10 

..10 

..10 

..10 

..10 

..10 

..10 

..10 

..11' 

..1> 

..12 

..12 

..12 

..l.=S 

.   l.'S 

..15 

..Hi 

. .  1« 

..17 

..17 

..17 

..17 

-.17 

..19 

..19 

..19 

..20 

..20 

tt 
<• 
It 
<t 
( i 


I  ( 
tt 

I I 
I  • 
t< 
<  t 


il 

July 


at 
<< 

tl 

t  i 


.20 
.21 
.21 
.21 
.21 
.22 
.22 
.24 
.2o 
.26 
.2(; 
.27 
.27 
.SO 
.30 
..1 
..1 
..1 
..1 
..1 
..1 
..1 
..2 


Mav 


.1; 


June. 
May  . 


.1 


June. 
May  . 


June, 
it 


It 

ft 


.Ifi 
.26 

.14 
.14 


7 

•  •  •  •  * 

....4 


...  .rt 
'•  tt 

.11 

..3 

.22 
.17 


..23 
..30 
Apr 26 

May  ...23 
•'  ....7 
"  ...15 
"     . . .27 

••     ...27 


"  ...30 

"  ....3 

••  ...30 

tt  .>7 


.27 
.13 
.11 
.14 


•■     ...11 
"     ...15 

•*     ...27 

June....  6 
"     ...26 

••     ...11 

"     ..J.6 

Mav  ...27 

••     ...30 

June..  .13 
•  •     9 

May  ..'!26 
June.... 9 


May...  24 


Plant 


Clay  belt 


Guclph 


Julv 


,18 


Kanunculus  sepU>ntri<mnli8 

( -ircaea  Alpina 

Potent  ilia  palustriK 

Kpiiobium  auRiistifoliuin 

Pyrola  wieuiKia 

Halenia  deflexa 

HaUmaria  braeteata 

Camptnula  mtundifolia 

Vibunium  ('aR«inoidefi 

Pyrola  minor 

Pf itentiila  fniticosa 

Pom>nia  |>endula 

Cornus  panieulata  

Hal>enHria  hyjuTborea 

♦Kpiiobium  Horuenianni 

si«»yriuo>iium  a UKU^ltl folium 

If abeniiria  dilatata 

♦>»eutcllariM  lateriflora 

Kpiiobium  linean>     

( ly priiHMlium  spectabile 

'^Jeum  triflorum  

♦Seuiellaria  palericulata 

ToHeldia  palustris 

Moiu»8e8  urandiflora 

.AiJKeliai  atropurpurea 

Mouotrofia  Ilyriopitys 

Veronica  Hcutellata* 

Galium  a.spri>llum 

Na.«4turtium  offleinale 

PoKonia  ophi(^lo8soide8 

♦Ilumex  Brittaiiica 

Kpiiobium  (oloratum 

MonotrofM*  uniflora 

Spiraea  .salieifolia 

>iimulu.s  ringens   

Kuimtorium  ageratoides 

Campanula  aparinoide.s 

Kanuueulu!*  eiroinatus 

l>>belia  Hpicata 

I*olyjronum  amphibium 

Mentha  Canaden.siH 

Sagittaria  variabilin 

Kanunculus  Mammula  var.rcp- 
tans 

Uanunculas  affinin 

Aster  tarditloni.x 

"     puniceas  var.  lucidulus.. 

Solidago  uliginona 

Spiranlhe.M  Uomanzolfiana 

I.  rtiea  gracilis 

(iaultheria  pnx!unibenN 

Impatien.o  fnlva 

Scutellaria  c^nesceim 

Corvdalis  aurea 

Chelone  glabra 

Potentilla  trident ata 

Bidens  ceniua 

♦Hynericum  C^nadense 

S<»lidago  nigona 

A.ster  macrophylluR 

♦.\.Mter  Novnp-Angli« 

stellaria  longifolia 

Aster  multifloru8 

Hieraeium  Canadense 

Agrimonia  Rupatoria 

Potentilla  f rutieosa 

Pn.'nanthes  racemosa 

Krigen>n  acris 

.\.ster  paniculatis 

Betula  pumilla 

"       glanduloaa 

Poa  serotiaa 

Myrica  asplenifolia 

AiHX'ynum  an<lr«)S(i^mifoliuni  .. 

Calla  palu.stris 

Pruiuis  Penn.syl vanica 

Vnrcinium  ullginosum 

Chiogenes  serpyllifolia 

C«»rylus  roslrata 

Typba  latifolia 
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Boboc  ohamaemomi. 
Orataegni   Criu-galli. 
Lilium   Oanadense. 
Heraoleum    lanatam. 
Geranium   Carolinianam. 
Oeratophyllum   demertum. 

Forett    Tree»   and    Shrubs. 

Pioea  nigra. 

"  "      var.   rubra 

alba. 
Pinui   Btrobui. 

"        reiinota. 
BankBiana. 
AbiM  balMunea. 
Tazui  Canadeniii. 
Lariz   Americana. 
Thuja  oocidentalit. 
Saliz  nigra   (and  other  sp.) 
Popului    tremuloides. 
"         baliamifera. 
CoryluB  rofltrata. 
Alnufl   incana. 
Betula   papjrrifera. 

lutea. 
PyruB  Americana. 
nimuB    Americana. 
Frazinufl    tambncifolia. 
Acer   spicatum. 

Flantt    groirino    in    Indian    Gardens    or    on 

Portagea. 

Polygonum    ayioulare. 
"  dumetorum. 


Oapeella  Bnrsarpattorii. 
Taraxacum  officiziale. 
Piantago  major. 
Trifolium  repent. 
Lepidium  Yirginicum. 
Poa  pratensis. 
"     annua^ 
oomprMML 
Brunella  Tulgaria. 
Erigeron  Phlladelphioum. 
Achillea  millefolium. 
Oraphalium  deourreni. 
Gniout  arTeniit. 

Some   CryptogramB. 

Botryohium   Yirginianum. 
Aaplenium  Thelypteroidei. 
Onoclea    ■eniibilii. 
Pterii  aquilina. 
Adiantum  pedatnm. 
Polypodium   Tulgare. 
Oemunda   regalii. 
Lyoopodium   annotinum. 
"  oomplanatum. 

Equieetum  pratame^ 
paluitreu 
Marchantia    polymorpha. 
Many   lichene  and  moMes. 


In  concluding  this  section  on  the  flora  I  would  like  to  call  attention  to  the  lux 
ant  growth  of  many  of  the  smaller  wild  fruits.     Raspberries  in  the   "windfalls," 
red  currants  in  the  poplar  areas  are  particularly  common,  and  th^  attain  a  size 
flavor  almost  equalling  the  cultivated  fruit  of  southern  Ontario.     These  fruits  ripei 
about  25  July. 

IV.    FAUNA 


Fur-bearing  and  Other  Animals 

This  subject  has  been  considered  so  often  that  it  is  hardly  necessary  to  deal  wl*^ 
it   now.     One  point  of  interest,   however,  must  be  mentioned,   namely,  the  increase  i^ 
the  number  of  beaver  in  this  region,  beacuse  of  wise  protective  legislation.     Beaver 
are  now  quite  numerous  in  the  western  part  of  the  region  traversed,  and,  accordion 
to  the  inhabitants  of  the  country  they  are  on  the  increase. 

The  skins  taken  in  trade  from  the  Indians  at  Fort  Mattagami  during  the  year 
ending  Juno,  1904,  were,  in  part,  as  follows:  martin,  300;  bear,  15;  mink,  300;  musk- 
rat,  2,000;  otter,  38;  red  fox,  10;  lynx,  7.  Besides  these  animals,  fisher  and  ermino 
occur. 

Of  intorest  to  the  sportsman  is  the  fact  that  moose  are  exceedingly  common. 
While  paddling  on  a  little  creek  that  flows  into  Moose  lake,  three  were  seen  in  on? 
morning.  Tliey  seem  to  be  particularly  numerous  in  this  localtiy.  Red  deer  and 
caribou  j»lso  occur,  but  are  not  so  common  as  moose. 


Fish 

The  larger  rivers  and  lakes  of  the  region  are  very  muddy,  and  for  this  reason 
the  fisherman  must  use  other  means  than  trolling  in  these  waters.  The  Indians  with 
nets  catch  large  numbers  of  pike,  pickerel,  whitefish,  and,  in  some  localities,  sturgeon. 
Tn  the  smaller  rivers  and  lakes,  which  usually  have  beautifully  clear  water  pike  and 
pickerel  are  readily  caught  with  a  troll. 
l()a  M. 
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Birds 

The  following  birds  were  seen  during  the  summer: 

Oanada  Jay,   PerisorenB  Canadenaii. 

Bluebird.  SiaUa  sialic.  j 

Blaok-headed  OaU»  Lams  atrioilla. 

Amerioan  Bobixi»   Merala  miffratoria. 

White>throa  ed   Sparrow,   Zonotriohia  albiooUii. 

Wilson's   Thmsb,  Tardus    fusoesoens. 

Amerioan   Kedstart,  Sedeltophaga   ruticilla. 

Junoo,  Jmioo  hiemalis. 

Indigo   Banting,   Passerina   cyanea. 

Prairie    Hen,   Tympanachus  American ua. 

Water   Thrash,   Seiaras  NoTeboracenais. 

Red-eyed  Yireo,  Vireo  oliTaceas. 

Phoebe,  Sagorais  phoebe. 

Rusty   Blackbird,  Soolecophagus  Carolinus. 

Blaokbumian   Warbler,   Dendroioa   Blaokbami». 

Prothonotary  Warbler,  Frothonotaria  oitrea. 

Yellow-bellied  Sapsuoker,  Sphyrapicua  Tariua. 

Nighthawk,  Ohoraeilee  ViriRniauB. 

Belted  Kingfisher,  Oeryle  aloyon. 

Northern    KaNen,   Corvus  corui-principalis. 

Flicker,  Colaptes  amatus. 

Bald   Eagle,  Haliietua   leucocephalua. 

Song  Sparrow,   Melospisa  faaciata. 

RedpolL   Aoan^bis  linaria. 

Cedar   Wazwing,   Ampelia   cedrorum. 

Great  Homed  Owl.  Bubo  virginianui. 

Amerioan  Goshawk,  Aoclpiter  a^OM>iIIns. 

Brown   Creeper,   Certhia   familiaris  Americana. 

Loon,  Urinator  imber. 

White  Crane,   Grua   Americana. 

Blue-headed  Vireo.  Vireo  solitarios. 

Hudaonipn  Chickadee,   Parua  Hudaonicua. 

OTon-bird,   Seiurua   aurocapillua. 

American  goldfinch,   Spinua   triatla. 

Hermit  Thruab,   Turdua   aonalaaohbie   pallaaii. 

Ptarmigan,  Lagopua  lagopus. 

Ruffed  Grouse,  Bonasa  umbellus. 

Canada  Grouae.    Dendragapua   Canndenaia. 

Golden-erested  Kinglet,  Regulas  satrapa. 

Pileated  Woodpecker,  Ceophlceus  pileatus. 

The  ornitholo{;ist  will   be  interested   to   learn  that  the  prairie  hen    was   found  in 
the  region.    Only  one  flock,  however,  was  seen.     Several  ptarmigan  were  also  observed. 

V.  CONCLUSION 

That  this  region  will  be  a  valuable  addition  to  Ontario's  agricultural  lands  can- 
not be  doubted.  It  resembles  the  Temiskaming  district  in  many  respects,  and  the  pro- 
gress of  agriculture  in  this  district  is  a  guarantee  of  the  agricultural  value  of  the 
region  under  consideration.  Its  vast  extent  of  clay  and  clay  loam  soil,  the  richest  and 
best-drained  being  the  twenty-flve  per  cent,  of  the  region  wooded  with  aspen,  poplar 
and  associated  trees;  its  supply  of  pulpwood,  which  will  aid  the  settler  in  making  the 
"early*'  years  profitable;  its  spruce,  poplar,  balm  of  Gilead  and  birch,  which  will  pro- 
vide a  considerable  amount  of  timber  for  export  after  the  needs  of  the  settler  are 
supplied;  its  jack-pine  and  tamarack,  which  will  provide  material  for  railway  ties; 
its  stores  of  peat,  which,  on  the  development  of  the  peat  industry,  will  afford  a  valu- 
able supply  of  fuel;  its  numerous  rivers  and  streams,  which  naturally  irrigate  the 
country  and,  as  well,  afford  drainage;  its  deposits  of  sand  and  gravel,  and  its  outcrops 
of  rock,  which  will  be  useful  for  building  purposes,  and  the  making  of  roads;  these 
are  some  of  the  factors  which  will  aid  in  the  development  of  this  region  as  soon  as  it 
is  brought  into  connection  with  southern  Ontario,  and  the  rest  of  Canada  by  railway 
construction. 

VI.  APPENDIX 

(1).   Chemical  Analyses  of  Soil 

The  following  report  on  the  chemical  analysis  of  the  soil  samples  collected  by  the 
writer  was  made  by  Prof.  Harcourt  of  the  Ontario  Agricultural  College,  Guelph. 
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''During  the  last  excursion  of  the  Provincial  Bureau  of  Mines  Exploration  Part^ 
into  the  Abitibi,  Mr.  A  Henderson,  B.A.,  Agriculturist  of  the  party,  c<rflected  i 
I* umber  of  samples  of  soib  typical  of  the  sections  passed  through.  As  we  could  not 
I  ndertake  to  analyse  all  the  soils  collected,  Mr.  Henderson  selected  seven  samples, 
each  of  which  had  been  gathered  in  such  a  way  as  to  fairly  well  represent  the  soil  charao- 
tdristic  of  as  many  different  sections  of  the  country,  and  submitted  these  for  analysu. 

''The  following  ndies  on  the  location  and  the  trees  growing  on  the  soil  from  which 
the  samples  were  taken  were  made  by  Mr.  Henderson : 

^'No.  5.  From  Frederick  House  rirer  bank  at  the  north  boundary  of  Mann  town- 
ship. Timber — spruce  6  to  8  inches,  birch  5  to  6  inches,  and  poplar  10  inches  in 
diameter,  growing  about  40  feet  high. 

''No.  9.  From  Teefy  township.  Characteristic  soil  of  the  Abitibi  river  bank,  ex- 
tending from  one-quarter  to  two  miles   back  from  river.     Heavily  timbered,  poplar, 

spruce,   balsam,   and  occasional  birch   and    jack    pine,  trees    large.      There  is  a  well 

decayed  covering  of  humus  six  inches  deep. 

''JVo.  11.  From  Knox  township,  jack  pine  soil.  Principal  trees  jack  pine,  poplar, 
b'ack  spruce,  and  a  few  birch,  rather  small.  Very  little  decaying  organic  matter  oa 
surface. 

''A'o.  17.  From  Teefy  township,  at  Iroquois  falls.  One  of  the  most  common  soils 
in  the  Abitibi  district — a  representative  soil — along  with  No.  9  of  the  river  bank 
and  poplar  knoll  areas  of  the  region  traversed.  Timber  is  poplar,  spruce  and  balsam. 
Poplar  grows  very  large. 

**yo.  23.  From  lank  of  creek  flowing  into  Frederick  House  river  near  the  point 
where  it  crosses  Niven's  line  (mile  157).  *  Timbered  with  spruce,  poplar,  and  balsam,  B 
to  15  inches  in  diameter.  Scattered  ti.nber,  much  wind  fall.  Cedar  12  inches  in  dia- 
meter along  water  edge. 

"A'o.  SO.  From  bank  of  creek  in  Knox  township.  A  common  soil  along  creeks 
and  rivers.  Luxuriant  growth  of  river  hay,  willows,  alders,  etc.  Apparently  the  most 
productive  soil   in   the  Abitibi  district. 

''A'o.  29.  From  a  tamarack  swamp,  with  a  growth  of  large  tamarack  (now  all  dead), 
and  a  dense  undergrowth  of  alder  shrubs.  Sample  taken  from  the  top  of  subsoil, 
ccvered  by  one  foot  of  decaying  organic  matter.  This  soil  is  like  that  of  the  black 
spruce  forest,  which  covers  59  per  cent,  of  the  region  traversed. 

'*The  following  table  gives  the  composition  of  the  soils.  The  samples  were  taken 
below  the  layer  of  decaying  organic  matter,  and  may,  therefore,  be  considered  sub- 
soils. 

(2).   Composition  of  Soils  from  Abitibi  District 


O'li^iiiKont.  Niv  5.      Nod.     No.  11.    No  17.    No.  13.    No.  30.    No.  29. 


M.'-t-.rv  1.4 

*  .  caT.'.i.  rtiiil  VMlatilt' S  9 

I:.S',»IuM--  n-si«luo *^"..o 

Iro.i  a:;  1  luiiniiniun: 

l/.:v.«- .«'aO' •.'.TviS 

M:ic*.M>ia    Mk:«^i 0.''l 

I'.-M-h  ,K .^H  . .  o.J-'i 

l'!'..>-;'lii>rii' rti-ul  iT.o  ■ u.'V' 

T< •:»»".  niir«»i:«-n o.-.-v? 

M'.iMn"i> l.jji 


.i.4 

i".72 

4. SO 

.S.91 

5.29 

5.15 

l.i  Fl> 

?^.<A 

14.33 

7.36 

18.24 

14.27 

•T.S 

W.7 

t'^.b 

OS.l 

M.8 

60.11 

9  J.i 

4.S 

12.15 

14.4.T 

11.81 

13. \5 

\y^v^ 

0.9: 

1.2>5 

l.OS 

1.81 

1.58 

.^  4v_' 

O.T»^7 

LSI 

2  '26 

0.604 

4.41 

0.::^ 

0.1 1> 

0.74 

0.S64 

0.96 

0.S977 

0.:: 

Traoo 

IM43 

O.K^ 

0  238 

.24 

o.ss: 

v.  07 

n.JlJ7 

O.l'J 

0  M2 

.157 

o.y^ 

U.A' 

5.03 

1.07 

6.42 

8.21 

*  Tiio  abovo  tablo  of  analysis  does  not  give  definite  information  regarding  the  f^^' 
of  coinbinntioM  of  tho  various  plant  food  constituents,  nor  does  it  tell  how  mucl^  * 
the  potash  and  phosphoric  acid  aro  in  an  available  form :  but  it  does  show  pla*^^ 
v'hich  soils  havo  ono»i>:h  plant  food  to  rank  as  puod  productive  soils,  provided  *^'* 
ihysioal  conditions  aro  ri^^ht. 
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'Soil  No.  11  is  almost  totally  unfit  for  agricultural  purposes,  and  No.  5  is  hardly 
p  to  the  minimum  limits  for  good  crop  production.  Fortunately  these  soils  form  a 
:>mparatively  small  part  of  the  Abitibi  district^  and  should  never  be  cleared  up,  but 
bould  be  kept  as  forest  reserves. 

"According  to  the  figures  in  the  table  Soil  No.  30  should,  other  conditions  beinir 
lual,  give  the  best  results  when  it  is  put  under  cultivation.  This  agrees  with  Mr. 
[enderson's  notes,  for  he  pronounces  this  the  most  productive  soil  in  the  whole 
bitibi  district. 

"Tho  most  impcrtant  point  in  connection  with  these  analyses  is,  however,  the  fact 
bat  soils  Nos.  9  and  17,  which  Mr.  Henderson  states  are  the  representative  soils  of 
ie  poplar  knoll  and  river  bank  types  of  country  (25  per  cent,  of  the  area  explored), 
ro  well  supplied  with  lime,  potash,  phosphoric  acid  and  nitrogen.  They  are  a  little 
m  in  phosphoric  acid,  but  it  must  be  remembered  these  samples  were  taken  below 
le  top  black  mould,  and  are,  therefore,  more  likely  to  be  poor  in  this  constituent. 

"No.  29,  representative  of  the  black  spruce  forest  type  of  country  (69  per  cent,  of 
le  area  explored),  is  a  fair  soil.  The  amount  of  phosphoric  acid  is  somewhat  low 
at  potash  is  very  high.  This  subsoil  contained  more  humus  than  any  of  the  other 
>ila  we  have  examined,  although  apparently  is  was  not  very  well  decomposed,  becauad 
lie  amount  of  nitrogen  is  low.  I  am  of  the  opinion  that  this  soil  would,  with  judicious 
reatment,  be  quite  productive. 

"It  is  very  doubtful  if  any  of  the  ordinary  soils  of  older  Ontario  ever  contained 
ny  larger  amount  of  the  mineral  constituents,  and  there  is  no  apparent  reason  wtiy 
hese  should  not  be  good  pre  duct  ive  soils." 
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McCANN   T0WN5HIP  AND  N.  W.  OF  LAKE  ABITIBI 

BY  J   K  WORKMAN 

[The  following  notes  descriptive  of  the  township  of  McCann,  which  lies  west  of  the 
Temiskamin^j;  and  Nortliern  Ontario  railway,  and  north  of  the  Height  of  Land,  and 
aWo  of  the  country  adjacent  to  the  base  line  run  by  O.  L.  S.  Speight  in  1904  eastward 
from  the  162nd  mile  post  on  the  boundary  between  the  districts  of  Nipissing  and  Al- 
goma,  are  by  Dr.  J.  K.  Workman,  who  accompanied  Mr.  Speight's  survey  party  in  the 
capacity  of  geologist.  Like  much  of  the  region  in  the  neighborhood  of  lake  Abitibit 
the  soil  and  timber  are  likely  to  prove  of  more  importance  than  possible  resources  in  the 
."way  of  minerals;  and  observations  of  the  geology  are  difficult  and  scanty  owing 
to  the  widespread  mantle  of  drift  material  which  effectually  conceals  the  rock  forma- 
tions.     T.  W.  G.] 

About  the  middle  of  May  1904,  I  received  instructions  from  Mr.  T.  W.  Gibson, 
Director  of  the  Bureau  of  Mines,  advising  me  cf  my  appointment  as  geologist  attached 
to  the  surveying  party  of  Mr.  T.  B.  Speight,  O.  L.  S.,  who  would  be  engaged  during 
the  summer  in  running  base  lines  in  the  district  lying  northwest  of  the  Abitibi  lakes. 

My  instructions  were  to  gain  all  the  information  possible  about  the  rocks  ao'l 
minerals  occurring  in  the  districts  immediately  adjacent  to  Mr.  Speight's  lines,  but 
if  it  so  happened  that  the  district  was  covered  with,  drift  and  therefore  an  agricultunl 
section,  I  was  to  devote  my  time  to  studying  the  character  of  the  soil  and  timber. 
It  was  also  my  duty  to  note  the  flora  and  fauna  encountered  during  the  summer. 

Mr.  Speight  notified  me  that  the  party  would  leave  Toronto  on  Friday,  26th 
May.  Deciding  to  join  him  there  I  left  Kingston  on  Thursday  and  so  was  enabled 
tu  have  an  interview  with  Mr.  Gibson,  receiving  more  detailed  instruction  and  some 
UiStruments  for  use  during  the  trip.  Mr.  Speight's  party  did  not  leave  on  Friday, 
as  planned,  on  account  of  the  heavy  rainfalls  earlier  in  tke  week ;  however  they  arrived 
at  New  Liskeard  on  Tuesday's  boat.  We  left  next  (morning  via  steamer  Geisha  but 
had  to  transfer  at  the  mouth  of  the  Blanche  river  to  the  steamer  Ville  Marie,  as  we 
met  with  an  obstruction  of  logs  at  this  point.  We  arrived  at  Tomstown  during  the 
course  of  the  afternoon. 

On   the  morning   of  2nd  June  all   arrangements   having    been    completed,  we  left 
on   our    trip    northward  in   five   Peterborough    canoes.      There   were  seventeen   men  in 
the  party,  all  told.     We  made  good  time  going  in.     Ascending  the  Blanche  river  W4 
passed   through  Round  and  Kenogami  lakes,   then   continuing  up   Black   creek,  whica 
is  vicy  sinuous,  we  came  to  the  Height  of  Land  portage.     Crossing  this,  we  descended 
the  White  Clay  and  Black  rivers  to  McDougall's  clearing,  arriving  at  this  point  )n 
Frid«iy    9th   June,    having   met  with  no   serious    accident   or    delay.     Here   we   cached' 
most  of  our  provisions,  and  next  day  we  started  south  on  a  canoe  route  which  leaves 
the  Black   river  at  this  point  for  Metachewan  post,  as  Mr.   Speight  intended  to  finisl> 
subdividing   McCann   township  before   commencing   his  base  line  wor^.      The  series  of 
lakes  and  portages  at  this  end  of  the  canoe  route  has  already  been  described  by  Dr 
Kay  in  the  Thirteenth  Report  of  the  Bureau  of  Mines. 

McCann  Township 

The  topography  of  McCann  township  is  somewhat  diversified.  In  the  northern 
part  the  elevation  does  not  vary  much.  In  tho  central  portion  west  of  Grave  laka. 
and  east  and  west  of  Bethea  lake  there  are  a  number  of  ridges  which  have  a  generaP 
direction  of  northwest  and  southeast.  Some  of  these  ridges  attain  an  elevation  ol 
one  hundred  and  fifty  feet  or  more  above  the  level  of  the  lakes.  In  the  southwest 
part  of  the  township  the  ridges  do  not  attain  as  great  elevations,  nor  do  they  seem 
lo  have  any  common  direction.     Thoy  are  flanked  by  long  easy  slopes  of  sandy  soil. 

The  lakes  in  the  township  are  six  in  number.  The  north  boundary  of  the  townsliiiJ- 
cuts  ucro^^s  Clierty  lake  about  ton  chains  from  its  southern  extremity.  Grave,  Bethel 
p.nd  Gowan  lakes  have  been  described  by  Dr.  Kay.  Cayea  lake  lies  about  three-quarter* 
cf  a  mile  east  of  Bethea  lake.     It  is  about  fifty  chains  long  and  fifteen  wide,  its  longer 
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axis  lying  north  and  south.  The  sixth  lake  is  about  the  same  size  as  Cayea  lake,  but 
with  its  longer  axis  lying  east  and  west.  It  is  situated  in  lots  9  and  10,  concessioos 
I  and  II.  These  lakes  were  all  traversed  by  Mr.  Speight  while  surveying  the  township, 
and  so  can  be  accurately  placed  on  the  map.  We  found  them  very  useful  as  they 
facilitated  the  work  of  moving  camp  to  various  positions  in  the  township. 

ROCK  EXPOSURES 

There  are  only  a  few  rock  exposures  in  the  township.  These  are,  with  one 
exception,  phases  of  the  dolerite  described  by  Dr.  Kay;  this  exception  occurred  on 
the  top  of  a  ridge  one  hundred  feet  high,  three-quarters  of  a  mile  west  of  Grave  lake. 
Here  the  roots  of  a  fallen  tree  had  torn  away  the  soil  and  laid  bare  a  contact  of 
medium-grained  dark  dolerite  and  a  light  colored  granite,  the  dolerite  being  super- 
ijnposcd  on  the  granite.  The  dolerite  lay  to  the  south,  the  line  of  contact  being 
about  east  and  west.  Although  a  careful  search  was  imiade  no  further  exposure  wsa 
seen  in  this  neighborhood. 

Four  other  exposures,  all  of  dolerite,  occur  in  the  township:  (1)  near  the  west 
boundary,  lot  12,  con.  II.  Here  there  is  a  low  ridge-like  exposure  of  coarse  dolerite, 
which  runs  north  and  south,  but  soon  becomes  lost  in  the  glacial  drift.  (2)  On  the 
southwest  shore  of  Bethea  lake  there  is  a  small  exposure  of  medium-grained  dolerite 
carrying  a  considerable  amount  of  pyrite.  A  similar  outcrop  occurs  just  across  the 
lake  in  a  northeasterly  direction.  (3)  By  far  the  largest  mass  of  rock  exposed  in  the 
Cownship  is  situated  east  of  Bethea  lake.  It  is  a  ridge-like  formation  over  one  hun- 
dred and  fifty  feet  high,  and  about  a  mile  in  length,  having  a  general  southeast  and 
torthwest  direction.  This  rock  too  is  doleritic  in  character,  but  has  a  certain  degree 
of  schistosity  developed.  (4)  Along  the  east  boundary  from  con.  II  to  con.  IV,  thero 
U  a  series  of  outcrops  of  a  ridge  of  fine-grained  pyritous  dolerite. 

SOIL 

The  soil  of  the  township  is  also  much  varied  in  character.  Tlve  northeast  and 
central  parts  have  a  good  clay  soil,  but  parts  of  the  north  and  east  tracts  require 
iraining.  The  southwest  portion  has  a  soil  of  a  sandy  nature,  but  the  tops  of  the 
ridges  are  composed  of  a  sandy  loam.  The  tract  lying  to  the  southeast  has  more  clay 
n  its  composition,  but  it  is  rather  low  and  wet,  being  covered  with  moss  and  small 
rushes.  Along  the  east  boundary  it  is  swampy  on  account  of  the  ridge  of  rock  ^o 
:he  east,  which  holds  the  water. 

Including  the  parts  that  need  draining,  about  sixty  per  cent,  of  this  township 
8  suitable  for  agricultural  purposes. 

TIMBER 

The  timber  of  the  township  is  not  valuable  except  for  pulp-wood  and  building 
purposes,  with  the  exception  of  the  cedar,  which  grows  in  the  swampy  section  on  the 
^ast  side.  The  sandy  tracts  in  the  southwest  part  of  the  township  are  sparsely  wooded 
irith  small  Banksian  pine.  The  ridges  and  the  rest  of  the  township  are  covered  with 
ipruce,  balsam,  white  birch  and  poplar.  A  few  isolated  pines  and  soft  maples  were 
»Lso  noted.     There  is  quite  sufficient  Cimber  to  meet  all  agricultural  purposes. 

On  Thursday,  8th  July,  we  finished  the  township,  and  the  next  day  we 
returned  to  McDougall's  clearing.  Saturday  Mr.  Stock,  who  had  been  with  the  party 
Icicating  veteran's  claims,  and  three  of  the  men  started  for  New  Liskeard  by  tlio 
Blanche  route.  The  rest  of  the  party  continued  down  the  Black  river.  For  the 
first  five  miles  the  east  bank  showed  evidence  of  having  been  burnt  over  years  ago, 
but  the  river  passes  through  a  good  clay  area,  which  seems  to  be  very  suitable  for 
agricultural  purposes. 

Before  we  reached  the  Abitibi  river  we  met  some  other  members  of  the  party,  who 
had  been  away  bringing  in  supplies  by  the  Quinze  route,  and  were  on  their  way  to  join 
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lis.  This  part  of  the  Black  river  and  the  Abitibi  riyer  to  the  Long  Sault  rapide  hai 
already  been  thoroughly  described  in  Reports  of  the  Bureau  of  Mines,  namely,  by 
9r.  Parks  in  the  Eighth  Report,  and  by  Dr.  Kay  in  the  Thirteenth  Report;  also  by 
Mr.  M.  B.  Baker  in  the  Report  of  the  Exploration  and  Surrey  of  Northern  Ontario  ia 
1900,  and  by  Mr.  W.  J.  Wilson  in  the  Summary  Report  of  the  Geological  Surrey, 
1902. 

If  the  soil  we  saw  in  passing  down  the  rivers  is  typical  of  the  district,  this  w*U 
undoubtedly  be  a  very  fine  agricultural  section  when  the  railways  are  completed  aai 
is  is  opened  up  and  settled. 

Work  on  Base  Line 

On  Monday  11th  July  we  arrived  at  an  Indian's  shack  on  the  right  bank  of  the 
river.  Mr.  Speight  had  decided  to  make  this  point  his  base  of  supplies  during  the 
commencement  of  the  base  line  work.  Here  we  found  that  the  men  who  had  goue 
ahead  of  us  to  cut  out  a  trail  from  the  162nd  mile  post  on  the  Nipissing-Algoma 
boundary  to  the  Abitibi  river,  had  not  yet  returned. 

In  order  to  accomplish  something  during  this  enforced  delay,  Mr.  Speight  decided 
to  move  part  of  the  provisions  to  another  shack  at  the  head  of  the  Long  Sault.  This 
was  the  undertaking  in  which  we  were  so  unfortunate  as  to  lose  two  men  by  drowning. 
Meanwhile  we  had  moved  five  miles  down  the  river  to  the  point  from  which  the  guides 
had  started  on  their  trip  to  the  boundary.  As  they  had  not  returned  by  Friday,  we 
commenced  our  journey  to  the  line  by  this  route.  This  trail  came  out  at  the  166th 
mile  post,  so  we  had  to  go  four  miles  south  to  the  starting  point  of  the  base  line 
work. 

Commencing  at  the  river,  the  first  three-quarters  of  a  mile  of  this  trail  passed 
through  a  wet  swampy  tract  covered  with  moss,  and  in  places  Labrador  tea,  the 
timber  being  entirely  spruce.  Then  we  came  to  the  only  exposure  of  rock  met  with 
west  of  the  Abitibi,  a  small  outcrop  of  light-colored,  coarse-grained  granite.  Passing 
over  a  slight  rise  at  a  distance  of  one  mile  from  the  Abitibi,  we  came  to  a  river  forty 
feet  wide,  flowing  northward,  but  it  was  unnavigable  owing  to  driftwood.  Crossing 
the  river  we  continued  in  a  southwest  direction.  The  soil  in  this  vicinity  was  a  very 
fine  clay,  supporting  a  growth  of  large  timber,  mainly  spruce,  while  birch,  tamarack, 
poplar  and  balm  of  Gilead. 

At  a  distance  of  five  miles  from  the  Abitibi  river  we  came  to  a  lake  one  mile  long 
and  twenty  chains  wide,  its  longer  axis  being  north  and  south.  We  continued  around 
the  north  end  of  this  lake,  crossing  the  outlet,  a  river  forty  feet  wide.  A  little  further 
on  we  crossed  a  second  stream  twenty-five  feet  wide  which  flowed  south  and  entered  tho 
lake. 

In  t)ie  next  three  miles  the  pround  became  higher;  the  timber  however  was  the 
same  as  that  east  of  the  lake.  Another  mile  brought  us  to  the  line;  this  last  tract 
was  somewhat  swampy  and  covered  with  moss.  The  timber,  which  was  all  spruce, 
would  average  ten  inches.  The  line  to  the  162nd  mile  post  was  of  the  same  character 
as  this  last  mile  of  the  trail. 

On  Tnosday  19th  July  the  base  line  work  proper  was  commenced.  The  ground 
was  fairly  level  and  covered  with  moss  to  a  depth  of  six  to  twelve  inches.  The  tim- 
ber was  spruce  and  balsam.  At  five  miles  and  thirty  chains,  a  river  half  a  chain  wide 
flowing  northward,  was  crossed.  East  of  the  river  the  ground  became  much  higher, 
i.nd  wo  entered  a  bolt  of  poplar  about  a  mile  wide,  and  extending  for  several  milrs 
both  north  and  south.  The  seventh  and  eighth  miles  passed  through  a  tract  much 
lower  in  elevation,  and  consequently  wet  and  mossy,  the  poplar  giving  place  to  spmco 
and  balsam.  Wo  now  passed  over  a  low  ridco.  and  the  crrund  a^ain  became  marshy. 
This  condition  prevailed  until  within  a  short  distance  of  the  river,  when  we  came  ta 
another  ridge  wooded  with  spruce,  poplar,  white  birch  and  balm  of  Gilead.  At  nina 
miles  and  fifty  chains  the  river  was  crossed,  about  one-quarter  of  a  mile  north  of  tha 
shftck  at  which  we  had  left  our  first  cache. 
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EXPLORINQ  UNDER  DIFFICULTIES 

Monday  25th  July  five  men  quit  work  and  left  for  New  Liskeard.  We  moyed 
camp  out  to  the  12th  mile  post,  and  on  Tuesday  Mr.  Speight  sent  two  men  out  to  the 
Dudaon  Bay  Company's  post,  lake  Abitibi,  to  try  to  secure  more  men.  This  left  him 
very  short-handed  to  go  on  with  the  work;  in  fact  for  two  weeks  the  party  consisted 
of  eight  men  all  told. 

East  of  the  Abitibi  river  the  soil  is  much  drier,  and  the  timber,  which  is  spruce, 

balm  of  Gilead,  balsam  and  poplar,  averages  ten  inches  for  the  first  two  miles.     Near 

the  12th  mile  post  we  enter  a  belt  of  poplar  about  one-half  a  mile  wide.     The  timber 

to  -tike  14th  mile  post  is  spruce  and  balsam.     Just  before  the  14th  mile  post  is  reached 

^&    come  to  the  Sucker  river,  which  is  about  twenty-five  feet  wide,   and  flows  north 

n    -tikia  point.    The  land  on  both  sides  of  the  line  from  the  14th  to  the  17th  mile  post 

is       much  higher,   and   supports   a  growth   of   spruce,   white   birch,  balsam,   and   some 

pof>lar. 

In  the  18th  mile  this  timber  gives  place  to  rather  small  sized  spruce.  About 
h^.!:^  a  mile  to  the  north  there  is  a  small  creek,  which  crosses  the  line  at  the  18th  mile 
pr*'^'t.  It  flows  in  a  westerly  direction,  and  joins  the  Sucker  river.  Years  ago  this 
crG»«k  had  been  used  by  beavers,  but  now  the  valley  is  filled  up  with  a  growth  of  black 
a)  <S«rs  and  willow.  In  the  19th  mile  the  timber  is  much  larger,  averaging  twelve 
iuLC^lies,  but  there  is  a  considerable  amount  of  down  timlEer,  mieJcing  Ira  veiling  difficult. 
Tlr»^  line  in  the  20th  mile  passes  through  an  open  country,  which  stretches  several 
m~a.le6  both  north  and  south,  and  is  sparsely  wooded  with  bastard  spruce.  The  remain- 
ir»  ^s  three  miles  of  this  line  is  rougher,  the  timber  being  mainly  spruce,  and  comes 
UKa.c3er  the  classification  brul^.  This  tract  extends  to  the  Sucker  river  on  the  west, 
to    "the  5th  mile  post  on  the  north,  and  several  miles  to  the  eastward. 

Continuing,  we  now  enter  a  more  open  section,  wooded  with  spruce  and  balsam, 
^rl&ich  average  five  inches.  In  the  seventh  mile  the  timber  is  much  larger,  and  coii- 
Mst^  of  spruce,  tamarack,  white  birch  and  balsam.  Adjacent  to  the  ninth  mile  the 
ground  is  covered  with  a  greater  depth  of  moss,  and  is  wet  and  soggy.  This  condition 
pi^^ails  to  the  12th  mile  post,  except  that  the  timber  is  much  larger  in  the  latter 
▼  ioinity.  In  the  thirteenth  mile  the  soil  becomes  much  drier.  Just  west  of  the  ISth. 
"^^le  post  is  a  small  lake.  This  is  the  first  met  with  east  of  the  Abitibi  river.  Tho 
I 'tuber  to  the  16th  mile  post  is  spruce,  balsam,  poplar  and  birch,  averaging  twelve 
'»^clies. 

THE  CHIN  RIVER 

At  this  point  the  Chin  river  is  reached,  two  and  a  half  chains  wide,   with  banks 
^nirtiy-five  feet  high.     We  crossed  over  on  a  raft  without  serious  mishap,  and  camped 
^^   "fhe  north  bank.     The  timber  north  of  the  river  is  large,  spruce,  tamarack,  birch, 
^l^^m^  bahn  of  Gilead  and  poplar,  with  a  considerable  amount  of  windfall. 

Ihis  part  of  the  Chin  river  is  made  use  of  in  the  canoe  route  from  the  head  of 

^^    Xx>ng  Sault  to  Little  Abitibi  lake.     On  Saturday,  20th  August,  some  of  the  guides 

'**^%olied  the  camp,   bringing  in   provisions  from  our  cache  at  the  head   of  the  Long 

^^I't,  in  a  birch  canoe.     I  made  use  of  this  canoe  to  make  a  short  exploratory  trip 

.  ^    '^liO  river.     Soon  after  starting  we  passed  some  sharp   angular  boulders  of  gneiv 

^     t;lie  bed  of  the  stream,  their  tops   being   two  or  three  feet  above   the   surface  ot 

*^^  ^ater.    The  river  gradually  turns  to  the  northeast,  and  after  travelling  two  mileii 

'^^^   course  lay  due  north,  then  northeast  for  thirty  chains.     A  short  bend  to  the  right 

.  ^^"Ught  us  to  a  lake  which  lay  to  the  north  of  the  river,  its  longer  axis,  one-half  mile 

**    ^^ngth,  being  parallel  to  the  river,  i.e.,  northeast.     Continuing  up  to  river  thirty 

.  ^^ins  northward   we  came  to  a  second  expansion  or  lake,  a  little  over  half  a  mile 

^^^  and  thirty  chains  wide,  its  longer  axis  lying  northwest  and  southeast.     The  river 

^^^T8  this  lake  in  the  southeast  corner.     We  continued  eastward  up  the  river;  about 

^^Hty-five  chains  from  the  lake  we  came  to  a  shack  on  the  north  bank,  which  belonge«i 

^*^o  to  the  Indian  whose  huts  we  made  use  of  on  the  Abitibi  river.     Half  a  mile  above 

^^ia  shack  we  pitched  camp  for  the  night.     The  next  day  it  rained,  bul  we  ascended 
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the  rirer  two  miles  farther  in  a  southeasterly  direciion,  and  came  to  an  extended  jam 
uf  driftwood.  As  there  was  no  portage  to  avoid  this,  we  turned  back.  Arriving  at 
the  northern  lake  we  skirted  the  shore  looking  for  the  portage  leading  to  Little 
>bitibi  lake.     In  this  quest  we  were  unsuccessful. 

From  the  northwest  corner  of  the  lake  we  cut  across  to  the  line,  arriving  at  the 
nineteenth  mile  post,  the  distance  being  three-quarters  of  a  mile.  Returning  to  th9 
canoe,  we  took  it  back  to  where  the  line  crossed  the  river  and  camped  for  the  night. 
In  the  meantime  Mr.  Speight  had  moved  to  the  head  of  the  line,  so  next  day  i»9 
caught  up  to  him.  The  timber  from  the  river  to  the  end  of  this  twenty-four  miles 
is  large,  and  similar  to  that  found  south  of  the  river.  Small  lakes  are  not  infrequent 
in  this  section. 

On  Wednesday  24th  August  the  line  being  finished,  we  retraced  our  s:eps  to 
the  12th  mile  post  and  turned  on  to  the  base  line  running  west  from  this  point.  The 
£rst  mile  was  swampy,  but  in  the  second  the  ground  became  higher.  At  the  8econ<1 
irile  post  we  came  to  the  Chin  river  again,  which  here  was  flowing  southwest.  Cross- 
ing this  another  half  mile  brought  us  once  more  :o  the  river,  now  flowing  northwest, 
it  having  made  a  long  bend.  The  banks  at  this  point  were  very  high,  about  forty 
feet. 

The  canoe  being  available  for  a  short  trip,  I  went  down  the  river  about  three  miles. 
The  river  had  a  general  northwesterly  direction.  Ten  chains  from  the  line  a  small 
IE  ass  of  gray  granite  was  observed  on  the  west  bank.  Half  a  mile  down  just  beli 
two  small  ritflis  we  came  to  an  outcrop  of  coarse  banded  gneiss. 

Thirty  chains  farther  on  brought  us  to  a  low  outcrop  of  granite,  making  a  sm 
bay  where  the  river  swerves  to  the  right.     A  mile  and  a  quarter  down   there  is  i 
exposure  of  pink  gneiss,  with  a  face  about  twenty  feet  square,  standing  out  from  t^M^^ 
river  bank. 

The  banks  now  become  lower,  being  about  five  feet  high.    The  timber  is  good  sis^^ 
ppruce,  tamarack  and  balsam.     After  going  three  miles  we  turned  back.     Going  sou^Ji 
Irom  the  line  we    arrived    at    the    junction  of    the    Chin    and    Sucker   rivers,  about     ^ 
quarter  of  a   mile  up.     Turning  into  the  Sucker  we  passed  a  portage   about  twelve- 
chains  up,  which  leads  to  the  head  of  the  Long  Sault,  taking  advantage  of  a  coupj^ 
nf  lakes. 

A   mile  up   the  Sucker  we  came  to  a   fifteen-chain  portage  on  the  left  bank,    i^ 
avoid  a  series  of  small  rapids. 

The  river  up  to  this  time  had  a  northeasterly  course;  above  a  bend  its  direction 
was  southwest.  We  turned  into  a  small  creek  lined  with  alders.  At  first  our  course 
was  south,  but  gradually  turned  to  the  west. 

Two  miles  and  a  half  up  this  creek  brought  us  to  the  end  of  the  first  portage 
from  the  Sault.  Here  I  observed  a  small  group  of  scrubby  Banksian  pine.  At  na 
ether  point  were  any  of  these  trees  seen  after  entering  the  Abitibi  district. 

Leaving  the  canoe  here  we  struck  off  north  across  country  reaching  the  line  in 
about  two  miles.     From  this  point  to  the  Abitibi  river,  a  distance  of  six  and  one-half 
miles,  the  grov.nd  is  lightly  rolling  in  character.     The  timber  is  medimn  sized  spmc"^. 
birch,  balsam  and  poplar.     Two  small  lakes  are  passed,  the  water  from  each  ftowinft 
northward.       At   tor.  miles  and  forty  chains  the  Abitibi  river  is    Te^^^^^   i^hout  four 
miles  below  tlio   head  of  the  Long  Sault.     After   having  finished    tAx©  rem^^  "^^^ 
and  a  quarter  of  line,  tying  in  on  the  174th  mile  post  of  the  Nip^«     ^^i^^jju^,^  bouB" 
dary.  the  packers  said  they  were  unable  to  bring  provisions  do^ri^   t]\i^  lapi^-    ^^ 
rest   01  our  base  line  work   was  below  the   Sault.    Mr.  Speight    ^^^\^^^  ^o  ^scontit^^*^ 
operations  tor   the  summer. 

On  Thursday  1st  Soptemlvr  wo  started  on  our  homeward  \:x*V^  MoBft  ^^®  ^*^ 
of  the  Long  Sault.  there  are  a  groat  many  exposures  of  gxi^^^^'  ^^  g^eVsso^^  *^^ 
granite  boulders  o^xnipy  the  stream  and  shore.  ' 

We  returned  via  the  Abitibi  lakes  and  Quinze  route.  re^c>Vv'       v.*  Ltf^®*^^ 
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SOIL  OF  BASE  LINE  REGION 

*he  soil  along  the  base    lino    work    was    all    of    the   same    character.     With  one 
tion  is  found  in  wet  spongy  places,  where  a  brown  muck  overlies  the  clay.     In 
tion  it  consists  of  a  heavy  clay,  and  would  be  excellent  for  wheat  growing.     Tqo 
it  is  over  seven  feet  in  depth. 

n  my  opinion  it  is*  very  important  that  the  vegetable  mould  on  the  surface  3f 
round  should  be  worked  into  the  soil,  instead  of  being  burnt  off  when  clearing, 
ic  roots  of  tie  trees  in  this  district  are  not  deep-seated,  this  result  could  be 
iplished  by  using  a  stump-drawing  machine,  and  burning  everything  in  one  place. 

CLIMATE 

'he  climate  of  this   district,  while  now  a   temperate  one,   will  become   milder  as 
cleared.     No  severe  frosts  were  experienced  while  we  were  in  the  field, 
.'here  is  a  scarcity  of  boulders.     A  number  of  gneiss  and  granite  boulders  gathered 
her  at  one  of  the  Indian  shacks  where  they  are  used  in  the  manufacture  of  canoes, 
nted   an   unusual  sight. 

INDIAN  OCCUPATION 

The  Indians  all  have  shacks  on  these  hunting  grounds,  but  they  only  occupy  thero 
ig  the  winter,  when  they  are  engaged  in  hunting  and  trapping.  During  chd 
ler  months  they  camp  near  the  Hudson  Bay  Company*s  post  doing  nothing, 
ougall  on  the  Black  river  had  a  few  acres  of  potatoes,  but  none  of  the  other 
ins  had  made  any  attempl  to  grow  any  vegetables. 

FAUNA 

loose  and  red  deer  are  plentiful  in  the  neighborhood  of  the  Height  of  Land.     In 

nn   township  we  saw  several  moose,   but  no  red   deer.     While  on  the  base  line 

we  only  saw  four  moose,  but  their  tracks  were  plentiful  in  places.     Cariboo  are 

carce,  according  to  the  Indians.     We  did  not  see  any  all  summer.     Only  three 

bears  were  actually  seen,  but  tracks  and  fresh  work  were  noted  almost  every- 

This  was  particularly  evident  on  the  journey  out.     The  soft  clay  borders  of 

vnks  of  the  Abitibi  river,  left  dry  by  the  low  water,  had  been  tramped  over  for 

y  bears  in  their  search  for  berries. 

ver  trails  and  work  were  noted  along  the  base  lines,  but  these  intelligent  little 
are  scarce  in  this  district. 

porcupines  or  skunks  were  seen,  but  one  ground-hog  was  trai)ped  by  the  guides. 
Mts  were  not  plentiful  this  year. 

ridges   are  not   abundant,  but   may  be   found  almosb   anywhere.     Black,  red- 
ad  wood  duck  were  observed  in  Abitibi  river, 
birds  noted  were  the  Canada   bird,  woodpeckers,  cedar  bird,   canaries  and 
sandpipers  and  plover,  least  bittern,  owls  and  ravens.     One  lizard  and  three 
kes  were  seen  in  McCann  township. 

FLORA 

latifolium  or  Labrador   tea  was  very  common.       Yellow    water  lilies   and 

its  wore   abundant.      Two  varieties  cf   ladies*    slipper  were  numerous,  vLb,, 

parviflorum  and  C.  crcaule.     Members  of  compositae  family  were  common, 

flea-bane,    bur    marigcld.    goldcnrod,    Canada     thistle,     dandelion,     etc. 

5  noticed  were   the  cardinal   lobelia,   tuentalis  or  star  flower,   sweet  briar, 

*s,  blue  flags  and  spotted  lilies.     Berries  were  not  plentiful,  but  we  found 

varieties :    strawberries,    raspberries,   two   varieties   of  gooseberries,    June 

inds  of  red  currants,  huckleberries  and  high  bush  cranberries. 

FISH 

t  catch  many   fish,   but  nearly  all  the  lakes  contain  pike  and  pirV**— • 
er  is  almost  too  muddy  for  fish  to  see  to  take  a  ^"•'^      " 
id   Derrh    in    if 
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Within  the  past  year  considerable  activity  has  been  shown  in  exploration  for  iron  |  P 
ore  in  the  Animikie  iron-bearing  Eeries  near  Loon  Lake,  about  26  miles  east  of  Port 
Arthar.  Besides  the  natural  stimulus  to  exploratory  work  resulting  from  the 
discovery  of  areas  which  show  considerable  concentration  of  ore,  the  bounty  which 
the  Ontario  government  offers  for  domestic  ore  and  the  import  duty  recently  imposed 
by  the  Dominion  parliament  upon  foreign  steel,  have  given  impetus  to  Canadian  pros- 
pecting. During  the  latter  part  of  the  summer  of  1904  the  writer  was  associated  in 
a  somewhat  detailed  mapping  of  the  Loon  lake  area,  and  the  following  notes  are  based 
en  observations  then  made. 

The  principal  exploratory  work   in  the  area  in  question   has  been   done  by  ^^' 
Rinaldo   McConnell,   of  Ottawa;   Messrs.  Knobel   and  Flaherty,  of  Port  Arthur,  an-^ 
Messrs.  Wiley  Bros,  and  Marks,  also  of  Port  Arthur,  and  to  these  gentlemen  the  writ,^^ 
is   indebted  for   the   fullest   opportunity   for  examining   the  properties  controlled    ^^' 
them,   as  well  as  for  many  personal  courtesies.     The  exploratory    work  has  consisi>^ 
mainly   of  diamond   drilling    and    test-pitting.       The    formations    are    magnetic    o 
locally  where  intruded   by  igneous  rocks,   and  therefore  magnetic  surveys  are  not 
assistance  in  locating  the  areas  of  concentration. 

The  location  of  the  area  in  reference  to  transportation  is  exceptionally  favors 
The  Canadian  Pacific  railway  passes  through  the  district  and  thus  oS^rs  a  short  h 
to  that  company*s  docks  at  Port  Arthur,  and  the  waters  of  Thunder  bay  of  1 
Superior  are  but  four  miles  south  of  Loon  lake.     From  Loon  lake  to  Thunder  bay  ^^ 

a  descent  of  400  feet. 

A  MESABI  EXTENSION 

The  Animikie  iron-bearing  series,  in  which  the  ore  of  this  area  occurs,  is  the  ea^^B^^' 
frard  continuation  of  the  Mesabi  or  Upper  Huronian  series  of  Minnesota.     Its  c—     o^' 

nection  with  the  Mesabi   series  has   been  recognized   for   many  years.     The  Animi ^^^ 

series  first  came  into  commercial  prominence  some  40  years  ago  as  a  result  of  expl<^^VA* 
tion  in  it  for  silver  and  iron  ores,  and  the  considerable  production  of  the  forr  ^cr 
metal. I  Tl.e  early  explorations  for  iron,  however,  were  not  attended  with  succ— — «8S. 
and  in  recent  years  comparatively  little  systematic  prospecting  for  this  ore  has  b  ^'*^ 
done. 

GENERAL  GEOLOGY 

With  the  exception  of  the  Pleistocene  drift,  the  rocks  of  the  area,  so  far  as 
U'  determined,  are  all  of  pre-Cambrian  age.     The  succession  is  as  follows: 

Pleistocene Glacial  drift. 

^Unconformity) . 

Keweenawan  •  Nijii^«>n  ■ C  ou^Iomerate,  sandstone,  marl,  diabase  sills. 

^Unvx'»nfo^raity^. 

Upper  Huronian  •  Aniinikit-   Iron-bearing  formation  and  black  slates. 

vUnconformityV 

Lower  Huronian iiraywacke.  greenstone,  granite. 

vUnconformityV 

katin Green  schists,  greenstone,  mashed  porphyries^ 


cau 
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A  summary  of  the  general  geology  may  be  given  before  taking  up  the  iron-bear- 
ig  horizons. 

The  Archean  rocks  are  not  exposed  near  Loon  lake,  but  along  the  Canadian 
acific  railway,  about  17  miles  west  of  Loon  lake,  and  extending  thence  in  a  westerly 
rection,  is  a  series  of  greenstones,  green  schists  and  mashed  porphyries,  which  lie 
iconformably  below  the  Lower  Huronian  graywack^,  and  which  are  therefore 
garded  as  belonging  to  the  Keewatin.  The  general  strike  of  these  rocks  is  ea^t- 
est,  and  the  dip  approximately  vertical. 

THE  SCHISTOSE  QRAYWACKE 

The  basal  member  of  the  Lower  Huronian  is  schistose  graywack^,  which,  from 
ructural  and  lithological  similarity,  is  correlated  with  the  Knife  lake  graywack^- 
ate  formation  of  Lower  Huronian  age  of  the  Vermilion  district  of  Minnesota.  Tho 
sneral  strike  of  the  schistosity  is  about  north  80  degrees  east;  with  which  direction 
le  trend  of  the  graywacke  ridges  conforms.  The  dip  of  the  schistosity  varies  from 
K>ut  65  degrees  south  to  65  to  70  degrees  north.  The  strike  and  dip  of  the  true 
idding  are  frequently  discordant  with  the  strike  and  dip  of  the  schistosity.  Where 
neous  intrusion  was  most  intense,  and  where,  perhaps  dynamic  movement  was  more 
▼ere,  the  graywacke  has  been  altered  to  hornblende-schist.  In  general  the  gray* 
ack^  is  a  medium-grained  typical  graywacke,  but  locally  it  possesses  true  quartzite 
lases  on  the  one  hand  and  slaty  phases  on  the  other. 

Also  interbedded  with  the  graywacke  near  what  is  believed  to  be  its  base,  is  a 
msiderable  thickness  of  volcanic  material,  represented  by  volcanic  conglomerates, 
aely  banded  tuffs,  and  amygdaloids.  This  is  best  exposed  at  about  the  centre  of  tho 
rea  east  and  west  between  Lambert  island  and  the  Canadian  Pacific  railway. 

The  most  western  exposure  of  the  graywacke  series  is  largely  represented  by  a 
histose  conglomerate  containing  pebbles  of  the  various  phases  of  the  underlyio;; 
[eewatin,  together  with  fragments  of  a  massive  granite  and  porphyry.  The  granite 
^bbles  are  probably  derived  from  the  Laurentian  granites,  which  although  not 
cposed  in  tho  area  mapped,  occur  over  a  considerable  area  north  of  Port  Arthur, 
robably  the  most  persistent  pebbles  in  this  conglomerate  are  vein  quarts  and  black 
isper,  the  latter  being  derived  from  thje  magnetic  iron  formation  which  is  associate^l 
ith  the  Keewatin  greenstones  and  schists  of  this  region.  As  the  contact  between 
le  graywacke  and  the  Keewatin  is  approached,  the  conglomerate  ch^aracter  of  the 
>rmer  disappears,  and  the  lowest  member  of  the  graywacke  very  closely  resembles 
le  Keewatin  greenstones.  It,  however,  can  be  distinguished  from  them  by  the 
resence  of  scattered  fragmental  grains,  and  by  the  absence,  in  the  graywacke  series, 
f  the  minute  crumpliilg  at  right  angles  to  the  general  schistosity  which  is  characteris 
c  of  the  adjacent  Keewatin. 

GREENSTONE  AND  GRANITE 

Throughout  the  area  the  graywacke  is  intruded  by  greenstone,  also  of  Lowar 
luronian  age.  This  greenstone  occurs  in  masses  of  varying  size,  but  with  a  general 
:*histose  structure  parallel  to  that  of  the  graywacke.  In  texture  it  varies  from  ss 
ither  uniform  fine-grained  to  a  coarse,  massive  or  porphyritic  rock,  the  porphyritic 
)nstituents  being  largely  hornblende.  In  hand  specimens  the  predominant  minerals 
pparent  are  feldspar  and  hornblende. 

Large  masses  of  granite  cut  both  the  graywacke  and  greenstone  on  the  south,  west 
nd  north.  The  granite  is  medium-grained  to  coarse,  massive  textured,  with  quartz, 
rldspar  and  biotite  as  the  principal  mineral  constituents.  Hornblende  is  subordin- 
tely  present,  and  locally,  in  pegmatitic  phases  of  the  granite,  tourmaline  is  abundant, 
he  granite  is  nowhere  found  intruding  the  Upper  Huronian  or  Keweenawan  series, 
ut  on  the  contrary  is  overlain  unconformably  by  them.  While  the  Lower  Huronian 
ge  of   the    granite   is   thus  clear,    it  is  much    later    than   the   graywack^-greenstono 
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series  which  it  intrudes,  there  having  been  betveen  the  two  an  interval  of  time  at  1 
great  enough   to    allow   of   the    production   of   the    stoeply-incflncd   schistosity   in 
former,   since  the    massive    textured    granite  ih    i-it«nd    cutting    directly    across 
structure.     The  most   complex   intrusion,  as  well   a-   m  -^  greatest  metamorphic  e£ 
of  the  granite,  are  found  along  the  north  border  oi    che  graywacke. 

In  the  central  part  of  the  area  these  Lower  Huronian  formations  form  promi 
topographic   features   which    well   illustrate  the   relation    between  the  topography 
grnlogic  structure  of  the  area.     To  the  north  they  form  a  series  of  disconnected 
with  comparatively  moderate  descent  to  the  valley  to  the  south,  in  which  the  rai 
is  located.     Continuing  south,  the  graywacke  rises  abruptly  as  a  long,  high  ridge, 
face  of  which  represents  approximately  the  plane  of  a  steep  east- west  fault.     In 
trast  with  this  steep  north  face  of  the  graywacke  ridge  is  its  uniform  slope  southi 
ti    Thunder  Bay. 

THE  AMMIK:E  FORMATIONS 

The  Upper  Huronian,  or  Animikie,  formations  are  found  unconformably  over] 
•1!  the  different  members  of  the  lower  series.  The  unconformity  is  indicated  ms 
by  structural  and  lithological  diffeiences.  Structurally,  as  compared  with  the  ui 
lying  series,  the  Animikie  is  flat-lying,  the  general  dip  to  the  southeast  varying 
five  to  ten  degrees.  Lithologically,  it  is  distinguished  by  the  comparatively  s 
degree  of  metamorphism  to  which  it  has  been  subjected.  At  the  base  of  the  s 
is  a  rather  persistent  conglomeratic  horizon,  varying  from  a  few  inches  to  a  foe 
more  in  thickness,  the  pebbles  of  which  are  small  and  predominantly  of  vein  qu 

Between  the  flat-lying  beds  of  the  Animikie  has  occurred  the  intrusion  of  li 
r'thic  sills  of  diabase,  to  which  by  subsequent  erosion  the  very  characteristic  hills 
rTdges  with  vertical  diabase  caps  owe  their  origin.  These  laccohthic  sills  repn 
parts  of  the  great  similar  intrusions  which  are  found  from  the  Minnesota  coas 
lake  Superior  on  the  west  to  Xipigon  bay  on  the  east,  and  which  form  such  stri 
trpographic  features  of  the  north  shore,  as  the  Saw-tooth  hills,  McKay's  moun 
Thunder  cape,  etc. 

THE  KEWEE.NAWAN  OR  .MPIQON  ZONES 

Unconformably  above  the  Upper  Huronian    is   a   succession  of    Keweenawan 
glomeratos.  sandstones,  and  impure  marls,  to  which  the  term  Nipigon  series  has 
applied  by  the  Canadian    Survey.     This   series   is   most  fully    develoi>ed   east   of   1 
loke.     The  unconformity  between  the  Keweenawan  and  the  underlying  rocks  is  ma 
in  various  ways.     At  the  base  of  the  Keweenawan  is  a  coarse  conglomerate,  contai 
?:;ater-worn   pebbles  and   boulders  of  all  the  underlying   rocks,  among   which,   how* 
granite    and    iron    formation    material    are    predominant.       The    Keweenawan    s. 
comparaiivoly    little    metamorphism,    even    less    than    the   Animikie.     The    strikes 
dips  of  tlio  Keweenawan  are  always  more  or  less  discordant  with  the  strikes  and 
of  tlie  underlying  formations.     The  strongest    evidence    of    the    great     time    int< 
n  presented  by  the  unconformity  is.  however,  the  fact  that  the  Keweenawan  is  f< 
successively  overlying  both  the  Animikie  and   Lower   Huronian  formations    thus  s 
lUi:   thai    the   entire  Animikie   and    part   of   the  Lower   Huronian   had   been  trunc 
by   erosion  before  the  Keweenawan   was   deposited. 

As  was  noted  by  Irving.*  the  base  of  the  Keweenawan  in  this  area  is  represents 
A  sedimentary  series  rather  than  by  the  great  basal  igneous  masses  which  are  pr< 
m  the  Kewe^-nawan   areas  to  the  west   and  on  the  south  shore  of  lake  Superior, 
iliabase  which  forms  the  laooolithio  sills  of  the  Animikie  is  also  found  both  over 
rnd    cutting  the  Keweenawan  sediments. 

jTho    Topper  Wiring    K.vk*    of    I  iko   Superior,    by    R.    D.    IrTing.    Mon.   US     Geol      8 
Ho.  6.  1809.  pp.  S3t*33t. 
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The  western  boundary  of  the  Keweenawan  is  marked  by  a  steep  escarpment  whioh 
extends  in  a  southwest  direction  to  the  head  of  Thunder  bay,  and  thence  along  its 
Bouth  shore  nearly  to  Thunder  cape. 

STRUCTURAL  FEATURES 

The  main  structural  characteristic  of  the  area  is  the  general  dip  to  the  southeast, 
in   tliis  conforming  to  its  geographic  position  as  a  portion  of  the  north  side  of  the 
lake  Superior  synclinal  basin.     The  upper  surface  of  the  Keewatin  and  Lower  Huron- 
ian  formations  shares  in  the  general  slope  to  the  south,  although  as  previously  noted 
this  does  not  apply  to  the  bedding  and  schistosity  of  the  series.     The  normal  strika 
of  tho  Animikie  is  to  the  northeast,  with   average  dip   of  about  seven  degrees  south- 
east.     Locally, -however,   the  series  has  been  closely   folded   and  tho   resulting  strikes 
and  dips  are  widely  divergent  from  the  normal.    The  general  strike  of  the  Keweenawan 
is  ea.s:  f)f  north,  with  flat  dip  to  the  southeast,  although  it  also  locally  shows  the  same 
6<*verc  folding  and  fracturing   as  the  Animikie. 

Faulting  has  been  an  important  factor  in  producing  the  present  structural  and 
typographic  features  of  the  district.  The  faulting  is  believed  to  have  been  caused 
by  the  same  general  forces  which  produced  the  lake  Superior  basin,  and  was  therefore 
ol  post-Keweonawan  time.  As  the  general  movements  which  formed  the  lake  Superior 
^^nclinal  occurred,  the  stresses  on  portions  of  the  strata  were  relieved  by  fracture 
find  accompanying  vertical  displacement.  Thus  in  this  area  it  is  believed  that  the 
niajor  fracturing  occurred  along  certain  approximately  parallel  zones,  and  that  in 
tl'e  vertical  displacements  which  followed,  the  several  fracture  blocks  acted  as  inde- 
r  en  dent  units,  in  which  the  north  half  became  elevated  relative  to  the  south  half,  thus 
pt educing  a  system  of  *'block*'  faults. 

The  greatest  vertical  displacement  definitely  determined  is  about  300  feet,  as  showo 
fiom  diamond  drill  records  and  surface  exposures  along  the  east-west  fault  a  short 
distance  south  of  Loon  lake. 

THE  ANIMIKIE  IRON-BEARING  FORMATION 

Four  definite  horizons  are  present  in  the  Animikie  as  follows:  (1)  a  lower  iron- 
bearins;  member;  (2)  an  intorbedded  black  slate;  (3)  an  upper  iron-bearing  member, 
rnd  (4)  tlio  upper   black    slate.  These    horizons    indicate    a    continuous    period  of 

depos.fioj],  during  which  the  conditions  varied  between  those  of  chemical  and  probably 
•Iso  organic  sedimentation,  producing  the  iron-bearing  formations,  and  those  A 
mechanical  sedimentation,  with  the  production  of  the  slates.  It  is  believed  that  the 
genoral  processes  and  agencies  which  produced  the  iron-bearing  formations  in  this  area 
*re  analogous  to  those  which  produced  the  iron-bearing  members  of  the  ranges  on  the 
south  shore  of  lake  Superior.  These  have  been  fully  discussed  in  the  monographs  of 
the  United  States  Geological  Surveys  on  these  districts,  and  are  too  well  known  to 
b**  here  repeated.  Tho  change  from  chemical  to  mechanical  sedimentation  was  not 
abrupt,  as  is  shown  by  interstratification  of  and  gradual  transition  between  the  tw3 
clashes  of  deposits. 

The  two  iron-bearing  horizons  are  themselves  quite  different  in  character.  The 
t^n^'inal  rock  of  the  upper  horizon  is  a  rather  thin-bedded,  cherty  iron  carbonate, 
similar  to  the  cherty  iron  carbonates  of  the  districts  on  tho  south  shore  of  lako 
Superior.  It  varies  in  color  from  dark  gray  to  very  light  colored,  altliongh  the  most 
charncteristic  phase  of  tho  unaltered  carbonates  is  a  dark  and  light  banded  rock,  with 
the  surface  exposures  usually  showing  brown  limonitic  weathering.  In  texture  the 
foruiation  varies  from  a  dense  homogenous  rock,  in  whidi  no  definite  mineral  outline 
can  he  distinguished,  to  one  in  which  a  carbonate  clravase  is  apparent,  although  in 
this  I'ltter  case  it  is  probable  that  the  coarser  carbonate  crystals  are  secondary.  \ 
fr.m''^on  phas^*  of  this  horizon  is  a  !)andod  rock  composed  of  alternating  layers  of  iron 

?  ITonoffraphs  of  the  U.  8.  Geol.  Survev  Nos.  19.  28.  36.  45  and  46. 
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czide  or  partially  altered  carbonate  and  light  or  dark  colored  or  red  iron-stain 
chert.  This  phase  is  analogous  to  the  banded  ferruginous  cherts  and  slates  of  t 
iron-bearing  districts  of  the  south  shore.  All  stages  of  gradation  can  be  observed  frc 
the  original  unaltered  cherty  carbonate  rock  through  the  ferruginous  cherts  and  slal 
to  iron  ore. 

The  total  thickness  of  this  horison  is  believed  to  be  about  200  to  250  feet.  T] 
passage  of  the  iron  formation  into  the  black  slate  above  is  not  exposed  in  this  are 
tut  in  the  Mesabi  district  of  Minnesota  and  elsewhere  the  change  has  been  foui 
ti;  be  that  of  gradual  transition,  and  there  is  no  rea&on  to  believe  that  it  is  otherwi 
here.  At  the  base  of  the  horizon  however  the  gradation  into  the  black  slate  is  clear 
shown,  the  iron  formation  becoming  more  thinly  bedded,  finely  divided  fragment 
material  appearing  and  becoming  more  abundant  until  typical  black  slate  is  reache 

The  lower  iron-bearing  horizon  can.,  except  where  extremely  altered,  be,  readii 
distinguished  from  the  upper  by  the  constant  presence  in  it  of  small  granules  whic 
are  entirely  absent  from  the  upper  horizon.  Where  the  alteration  of  this  rock  \ 
hematite  has  not  gone  far,  i:  is  very  similar  in  appearance  to  the  ferruginoi 
cherts  or  '*taconite"  of  the  Mesabi  range.4  This  is  especially  true  where  the  granule 
are  imbedded  in  a  dense  greenish  or  dark  gray  silicious  matrix.  Very  frequent!.? 
however,  in  this  area,  the  matrix  surrounding  the  granules  is  largely  carbonate 
material  which  varies  from  exceedingly  fine  to  very  coarse-grained.  In  this  it  diffen 
from  the  ferruginous  cherts  of  the  Mesabi.  Furthermore,  although  much  of  the  car- 
bonate material  in  this  horizon  appears  clearly  to  be  secondary,  field  obser\*ation 
F^ould  seem  to  indicate  that  part  of  it  is  original.  The  carbonate  is  not  pure  iron 
carbonate,   but  calcium-magnesium-iron  carbonate. 

In   the    Mesabi   series  the   ferruginous    cherts    are  themselves  secondary   product 
reeulting  from   the   alteration   of  the  greenalite  granules  of  an   original   ''greenalit^ 
rock.      Chemically   these    granules    are    essentially    hydrous   ferrous   silicate.     In     * 
Loon   lake   area,    however,    no    unaltered   greenalite   granules    were    found,   but    '^' 
appear  to   be  to  be  their   alteration   products  ^the  granule- bearing   rocks   above    ^ 
toned^  occur.     Therefore   it   would   appear  that    in  this  lower  horizon   there  is    w, 
sent^d  a  considerable  period  during  which  there  was  simultaneously  deposited  tW 
compounds   of   iron — iron   carbonate   and    iron    silicate — from   which   in    the  r^>^ 
the  lake  Superior  region    as   a   whole  the  iron   ores  have   resulted.      But  on   t\ 
shore  these  compounds  have  not  been  found  occurring  together  in  important 
As  shown  by  Leith,  in  the  Upper  Huronian  iron-bearing  series  of  the  Mes^V-^ 
wlioro  tlio   source   of  the  ores  is   ferrous  silicate,   iron    carbonate    locally     Cfc^>.^ 
i!i   tho   Penokee-Gogebic   district  in  which  a   cherty  iron   carbonate  formatL.\     ^ 
Upper   Huronian    ago   and   at   tho  same  stratigraphic    horizon,   was  the    0^-^^ 
ft  rrous  silioatf    grannies  are    subordinately    present..'      Therefore  it    is    t\, 
thnt  at  certain  looalitifs,  of  which   the  Loon   lake  area   is  an  example, 
slioiihl  have  bei^n  smh  that   the  two  materials  were   formed  at   the  sarix 
pppri^xiniatoly  o^jual  amounts.* 

Associated    with    the  granule-bearing    rock   of  the  lower  horizon, 
ba^t   secondary   to  it,  are   phases  which  show   varying  d^rees  of   aV-V 
plaooment  by  iron  oxide.     Of  the  rocks  of  the  formation  which  cout: 
ren*entage  of  iron  to  be  classed  as  ore.  two  phases  are  character!*?;.'^ ' 
graint^l    red  or  blue   hematite  of   nuxlium    hardness.     The   other    i^ 
i;  that  of  a  niodiiim  to  coarse-grained  carbonate  rovk.  but  with  tVi* 
nte.      That    in   this   latter   variety    iron    carbonate   and   iron   oxicl^^ 
shown  by  ohomical  analyses  of  certain  samples  which  give  high< 
than  is  contained  in   iron  oarhonate. 

4  The   Ve«aM    Iron-bertrinp   di»trict    of   Winrrpota.   Vt  C    K     T.wth. 
Ho.   45.   1Q03.  pp.    11 6- 145 

<  ^'-Mi     No    45.  olt,.   pp.   101.   lis. 

•-Ml    Om*    IViv^pitu    of    the    \  i\V«^   Suprr-tT    Kcffi-^n.   by   C.   F 
■    -"—vrv.  Vol.  5.  1«0I.  pp.  5i*-^:o. 
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emit  of  Bittern  lake.  On  the  mbove  propertioB  mt  rarions  places  both  the  upper  tni 
lower  horizons  of  the  iron  fornfttion  are  exposed.  In  these  areas  diamond  drill  hoki 
have  been  put  down,  bat  the  main  work  has  been  by  test-pitting  and  driTing 
short  drifts  into  the  iron  formation  on  the  hill  sides.  As  in  the  prerioos  case,  tii9 
iion  formation  is  found  to  be  largely  altered  to  iron  oxide,  but  here  also  the  layen 
sliowing  the  maximum  concentration  are  frequently  interbanded  with  lean  material, 
or  in  the  more  brecciated  phases  contain  masses  of  chert  irregularly  through  the  ore. 
The  important  question  is  again  that  of  the  economic  separation  of  the  lean  from  Uie 
commercial  grade  material. 

The  alteration  of  the  iron  formation  has  occurred  both  before  and  since  Eewee- 
nawan  time.  The  evidence  of  the  pre-Keweenawan  alteration  lies  in  the  abundant 
fragments  of  ferruginous  chert  and  iron  ore  which  occur  in  the  Keweenawan  oon- 
glomerates;  that  of  the  later  alteration  in  the  fact  that  the  deformation  which 
pioduced  fracturing  and  brecciation  of  the  iron  formation,  and  which  in  part 
determined  the  concentration,  was  later  than  the  Keweenawan  time,  as  is  shown  b.f 
the  similar  phenomena  of  deformation  in  that  formation. 


BOSTON  TOWNSHIP  IRON   RANGE 

BY  WILLET  Q  MILLER 

or  three  years  ago  an  iron  range  was  discovered  in  the  township  of  Boston^ 
I  about  fifty  miles  a  little  west  of  north  of  th^  town  of  New  Liskeard,  district 
ing.  As  the  Bureau  had  no  information  concerning  this  range,  it  was  decided 
an  examination  of  it  in  the  month  of  October  last.  We  accordingly  left 
ry  by  steamer  for  Tomstown,  and  thence  canoed  up  the  main  branch  of  the 
river  to  Round  lake.  From  the  northeast  corner  of  this  lake  we  portaged 
locations  which  had  been  surveyed.  These  locations  are  numbered  M  B  4  to 
inclusive. 


[2(31] 


262  Bureau  of  Mines  No.  5 


There  being  no  trail  from  Round  lake  to  the  locmtiona,  it  was  necessary  for  us 
to  find  a  route  of  our  own.     This  we  succeeded  in  doing  without  very  much  trouble. 

It  was  found  that  the  iron  range  has  a  crescent  shaped  form,  cuiring  from  ths 
northeast  locations  gradually  south  and  west  through  the  central  locations;  thet 
turning  northwestward  it  approaches  the  northeast  corner  of  the  township  of  Otto. 
Our  work  showed  that  the  iron-bearing  formation  could  have  been  covered  by  summ- 
ing out  a  much  smaller  area  than  has  been  applied  for  in  Boston.  The  strike  of  the 
iron  formation  in  the  outcrops  along  the  central  east  and  west  line  of  the  locations  is 
variable. 

The  township  of  Boston  has  been  so  thoroughly  burned  over  tlvat  one  has  difficult? 
in  getting  firewood  in  places,  especially  in  the  autumn,  sufficient  to  last  for  two  ur 
three  days  when  camping  in  one  spot.  The  central  part  of  the  township  is  high  and 
rocky.  From  the  central  east  and  west  line  of  tKe  locations  one  can  see  mount 
Chanmanis  and  other  hills  which  lie  at  a  distance  of  twenty-five  miles  or  more  to  the 
portheast. 

There  are  a  number  of  small  lakes  and  streams  on  the  locations  which  have  beei 
surveyed,  and  we  were  struck  by  the  great  number  of  beaver  dams,  still  in  use,  whica 
are  to  be  found  at  the  outlets  of  the  lakes  and  along  the  courses  of  the  streams. 

GEOLOGY  OF  BOSTON 

The  rocks  in  this  township  belong  to  the  pre-Cambrian,  and  consist  of  more  or 
less  altered  and  disturbed  greenstones,  quartz  porphyry  and  related  types.  The>e 
ccver  practically'  all  the  southern  two-thirds  of  the  township.  Part  of  the  northern 
pnd  northwestern  portion  of  the  township  is  occupied  by  granite  and  syenite,  whick 
cut  the  complex  of  igneous  rocks  just  mentioned.  There  are  some  small  exposures, 
or  what  may  be  called  remnants,  of  a  fragmental  series.  According  to  the  nomeo- 
clature  now  proposed  by  the  Geological  Surveys  of  the  United  States  and  Canada, 
the  series  in  this  township  would  be  represented  in  tabular  form  as  follows: 

Pre-Cambrian : 

Trap  dikes:    Age  uncertain. 

Lower  Huronian :    Represented  by   small   outcrops  of  conglomerate. 

(Great   unconformity). 
Keewatin  :    Greenstones,  quartz  porphyry,   etc.     The  iron  formation  is  associ- 
ated with  the  greenstones. 

(Igneous  contact). 
Laurentian:    Granite  and  syenite. 

As  the  writer  has  not  made  a  laboratory  study  of  samples  of  all  these  rocks,  the 
above  brief  description  may  no:  be  strictly  correct  from  the  scientific  point  of  view, 
but  it  will  serve  for  economic  purposes. 

THE  IRON  FORMATION 

Tlie  iron  formation  or  jaspilyte  in  Boston  is  similar  in  character  to  that  ef 
Temagami  and  to  those  of  other  parts  of  Ontario,  such  as  the  Hutton  township  range, 
north  of  Sudbury,  the  Mattawin  range  west  of  Port  Arthur,  and  the  Vermilioa 
ranpo  of  the  state  of  Minnesota. 

The  formation  consists  of  iron  ore,  which  in  Boston  is  magnetite,  interbanded 
with  jasper  and  other  closely  related  silicious  material.  Such  an  interbanded  fonn- 
ation  is  known  as  jaspilyte.  Tliis  formation  has  a  length  in  Boston  of  approximately 
SI  yen  or  eight  niiU^.  -Another  point  in  its  favor,  in  addition  to  its  length,  is  that 
it  has  been  siihjocttMi  to  considerable  disturbance  by  intrusions  of  igneous  rocks.  It 
has  boon  mxich  more  disturbed  than  has  the  Temagami  range  or  almost  any  of  ths 
atber  ranget  which  the  writer  has    examined    in    Ontario  or    in    the  Lake  Superior 
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egion  of  the  United  States.  To  counterbalance  these  points  in  its  favor,  that  is  its 
fngth  and  its  disturbed  condition,  we  have  to  consider  that  its  breadth  is  much  less 
lan  that  of  the  Temagami  range  or  that  of  many  other  Ontario  ranges.  Some  of 
iieee  ranges  have  widths  of  1,000  or  1,600  feet.  Frequently  their  width  is  500  or 
30  feet.  The  width  of  the  Boston  iron  formation  is  usually  not  more  than  90  or 
X>  feet.  The  greatest  width  we  saw  in  the  township  was  about  300  feet.  It  would 
ppear  that  the  Boston  range  had  originally  a  much  greater  width,  but  that  it  has 
een  split  up  and  separated  by  intrusions,  and  on  this  account  presents  comparatively 
arrow  exposures. 

LOCATION  OF  THE  RANGE 

Heretofore  the  township  of  Boston  has  been  somewhat  inaccessible,  necessitating 

canoe  trip  of  about  two  days'  duration  from  the  steamboat  landing  at  Tomstown 

n  the  Blanche  river.     The  line  of  the  Temiskaming  and  Northern  Ontario  railway 

as,  however,  been  located  across  the  western  side  of  the  township,  and  the  road  is 

ow  under  construction  almost  to  its  southern  boundary.     The  road  runs  very  doae 

0  the  western  edge  of  the  iron  range. 

OUTLINE  DESCRIPTION  OF  THE  LOCATIONS 

The  following  description  is  copied  from  notes  taken,  from  day  to  day,  while  iu 
he  field.  Since  some  of  the  locations,  numbered  M  R  4  to  M  R  24  inclusive,  were 
i  sited  on  two  or  more  occasions  the  references  to  them   have  been   repeated. 

The  first  point  at  which  we  encountered  the  survey  lines  of  the  locations  when 
ortaging  into  the  range  was  on  the  southern  boundary  of  M  R  13,  3C0  yards  east  cff 
he  southwest  corner  post.  From  Round  lake  to  this  point  the  rock  is  the  old  green- 
bone  of  rather  dark  color,  and  more  or  less  schistose  structure.  Near  the  location 
lie  color  of  the  rock  changes  somewhat,  becoming  lighter,  and  having  the  appearance 
f  an  altered  variety  of  a  more  acid  type;  it  may,  however,  be  a  metamorphosed 
ragmental  variety.  At  the  point  on  the  line  referred  to,  the  old  light  colored  rock 
i  cut  by  numerous  small  dikes  of  trap  and  also  by  granite  like  that  which  outcrops 
t  Round  lake. 

Northern  Boundary  of  Locations 

Two  hundred  yards  east  of  the  northwest  corner  of  11.  granite  outcrops  on  the  line 
nd  extends  to  the  creek  at  the  corner  post,  which  is  the  northwest  corner  of  12. 
k>ing  up  the  west  boundary  of  10,  granite  dies  out  in  100  yards,  and  the  old  dark 
ock,  rusty  in  appearance,  comes  in  about  200  yards  up  the  line.  The  creek  here 
uns  north  about  parallel  with  the  line  and  a  little  to  the  east.  There  is  not  more 
ban  abou£  100  yards  of  the  old  dark  rock  outcropping  on  this  line.  Most  of  the 
urface  is  occupied  by  a  hornblende  syenite  which  gradually  becomes  coarser  in  grain 
8  we  go  north,  resembling  a  boulder  seen  to  the  southward.  The  feldspar  tends  tu 
ske  on  a  porphyritic  structure.  On  the  south  edge  there  are  occasional  inclusions 
f  a  dark  rock  in  the  syenite.  Two  hundred  yards  east  of  the  northwest  comer  of  10 
be  creek  crosses  the  line.  The  syenite  continues  on  the  line  eastward  across  the 
reek  to  the  northeast  comer  of  10.  From  this  point  syenite  outcrops  to  the  north- 
west corner  of  lot  9.  Thence  it  continues  to  the  northeast  corner  of  9  and  on  to  the 
ortheast  corner  of  8.  Across  the  northern  boundary  of  7  the  syenite  outcrops  to 
ithin  about  275  yards  of  the  northeast  corner  post  of  this  location,  when  some  of  the 
ornblende  rock  comes  in  and  is  seen  to  be  cut  by  syenite.     The  comer  post  hare  is 

1  a  swamp.  About  150  yards  east  of  the  post  along  the  line,  a  bluff  of  the  altered 
ark  rock  rises  from  the  swamp.  One  hundred  and  twenty-five  yards  west  of  the 
ortheast  comer  post  of  6  there  is  a  hill  of  rusty  rock  with  much  pyrite  in  places.  The 
x^k  is  quartzite-like,  resembling  some  of  that  with  which  pyrite  is  associated  near 
et  lake,  Temagami.     From  the  outcrop  of  the  rusty  rock  the  line  runs  east  across 

■wamp  which  has  a  small  stream  in  the  middle  of  it.     From  Here  to  the  northeast 
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corner  of  5  {he  line  rises  gradually'  up  a  hill,  the  surface  of  which  is  drift  covereJ. 
Going  up  the  west  boundary  of  23,  the  surface   is  mostly   low  and   covered.        Four 
hundred  and  fifty  yards  south  of  the  northwest  corner  post  of  23  there  is  an  outcrop 
ci    rusty  rock.     Midway  on  this  line  a  creek  is  crossed  which  flows  eastward.       The 
west  side  of  24  is  nearly  all  swampy  and  covered.     A  third  of  the  way  up  from  the 
southwest  corner  post  is  an  outcrop  of  the  old  dark  rock,  being  the  only  outcrop  seen 
here.     On  the  west  one-half  of  23  there  is  only  one  outcrop  also.     The  outcrop  on  34 
is  just  south  of  a  little  stream.     Three  hundred  yards  farther  north  is  another  little 
stream  crossing  the  line.     Along  the  north  boundary  of   24  the  country   b  low  and 
swampy.     There  is  a  creek  crossing  the  line  about   700  yards  west  of  the  northeast 
corner   of  the  lot.     A  tie-line  seems  to  form   a  continuation  eastward  of   the  north 
boundary.     A  trail  runs  from  .the  creek  mentioned  southwestward. 


East  Boundaries  of  24,  22,  21 

No  rock  was  seen  on  the  north  boundary,  and  there  are  no  rock  exposures  on  the 
east   boundary  of  24,  the  surface  being   low   and   more  or  less  swampy.     There  is  a 
creek  within  2o  or  30  yards  north  of  the  southeast  corner  of  the  location.     A  line  runs 
eastward  from  this  corner  post.     It  is  probably  a  tie-line.     The  east  boundary  of  ?^ 
from  the  northeast  corner  of  this  lot  to  within  400  yards  of  the  southeast  corner  post 
:s  rather  low  and  covered.     Four  hundred  yards  north  of  the  southeast  corner  post 
the  Keewatin  rocks  appear.     A  little  over  100  yards  north  of  the   southeast  com^i' 
post  a  brecciated-looking  rock    with    matrix    of    crystalline    limestone    is  exposed  fof 
about  50  feet  along  the  line.     The  east  side  of  21   is  covered  for  the  most  part,  bt^^ 
there  are  a  few  exposures  of  the  Keewatin,  chiefly  the  lighter-colored  varieties.     T^i^ 
line  runs  on  east  from  the  southeast  corner  of  21. 

South  Boundary-  of  21,  4 

Two  hundred  yards  east  of  the  southeast  corner  of  location  4  conglomerate  appea.x'S 
and  outcrops  at  intervals  to  the  post.  Fifteen  feet  southeast  of  the  post  there  is  ^ 
bed  of  rock,  which  weathers  like  impure  crystalline  limestone,  in  the  conglomera't.^- 
It  has  a  widtli  of  about  6  feet  and  strikes  northeast.  There  are  also  narrower  bands  of 
the  same  rock  in  the  conglomerate.  This  Timestone-like  variety  resembles  rock  se^n 
ir  other  parts  of  Boston,  the  character  of  which  was  not  definitely  determined.  A 
rrad  or  trail  crosses  the  line  about  12o  yards  west  of  this  post,  and  runs  in  a  direction 
northwest  and  southeast.  This  is  apparently  the  trail  which  joins  the  Blanche  riv-*ir 
to  tlu*  southeast. 

Northern   Boundary  of  18 

AiTi»^s  ti  o  !.oitli  boundary  of  this  location  the  rock,   which  shows  a  more  or     \^a 
handed  >tnut'.;r»\    lM'!oni;s   to   tlio    Keowatfn    series.      The    strike   is    apparently  J^o^-^v* 
west,  and  tlio  dip   appears  to  be  southwest   at    an    ancle  of  60*^.     On  the  extensie^,^^         ' 


this  Vi\o  uovtuard  in   the  ut. surveyed  territory  the   iron   formation   is  seen  a  li^-^A 
the  sou'li,  a  *ihoi :  di<tan«e  west   of  the  post.      It  is  also  seen  on  the  east  boun^^^ 
the  towus't  i]^  ot"  Ot.o.     The^e  outerops  are  small,  only  10  or  15  feet  in  width.      'te^       ^    "^ 
inp  up  the  wrst   boundar>   oi  t!ie  township,  a  ereek  was  crossed,  which  is  showi^        ^^Wow 
map  iMi  the  we^t    lino  ot    lot    1.  eoneev<i.M\   ■">,   ot   Otto.     A  little  specular  henv^-^ ^^^'^  "^^^ 
8€en  just  M>uth  ot'  a  hill.     The  boundary  line  is  ditr.oult  t\y  follow  here.    Turx^"       ^^    ^' 
in   Otto,   tho   Keewatin    sories   was  e\poved.    in    nuiv.erous    bare    hills.        A  fQ\^         "^^^   Wi 
3ards  wtst   iM'  the  line  the  L-.reoi'.stono  vlii*:    eontaln.s  valcite   in   cracks  like    -Vir^/^^^^^' 
111  the  j:reenstone   near  the  shore  of  lake   Te!ni>ka:i.ini:.     Those  cracks  app^^^^^^>Se   fi 
boon   provltuvd  by    torsion.  ^^'^      -^   j 


1905  Boston  Township  Iron  Range  265 


North  Boundaries  of  li,  12,  13,  U,  15,  16,  17 

Going  soutL  on  the  west  boundary  of  11  the  rock  appears  to  be  the  dark  variety 
cf  the  Keewatin.  The  surface  is  pretty  well  covered.  Along  the  south  boundary 
of  this  lot  much,  of  the  surface  is  also  covered.  Going  eastward  from  the  south- 
west corner  post,  a  creek  is  crossed  about  two-thirds  of  the  way  down  the  lot.  Diabase 
catcrops  on  the  line  near  the  southeast  corner  post.  The  other  rocks  seen  were  th§ 
dark-colored  greenstone  of  the  Keewatin.  There  is  a  little  rust  in  the  rock  near  the 
southwest  corner  post. 

Along  the  south  boundary  of  12  the  rocks  are  well  exposed.  They  consist  chiefly 
of  the  dark  varieties  of  the  Keewatin,  together  with  what  appear  to  be  altered  felsite, 
quartz  porphyry  and  a  little  newer  diabase. 

There  is  a  considerable  development  of  the  very  light-colored  or  white  rock  of 
the  Keewatin  along  the  south  boundary  of  13.  This  rock  is  similar  in  character  to 
some  of  the  pebbles  which  were  found  in  the  conglomerate  mentioned  a  few  paragraphs 
above.  It  is  cut  by  syenite  similar  to  that  in  the  northwestern  part  of  the  town- 
ship. Both  the  syenite  and  light-colored  Keewatin  are  cut  by  trap  dikes.  There 
is  a  considerable  development  of  trap  or  diabase  a  short  distance  up  the  west 
boundary  of  13  from  its  southwest  corner.  A  creek  crosses  the  line  about  the  middto 
of  the  southern  boundary  of  13.  The  dikes  just  referred  to  are  immediately  to  the  west 
of  the  creek.  The  old  white  rock  continues  to  the  southeast  corner  of  the  lot  and 
beyond. 

Across  the  south  boundary  of  15  the  light-colored  Keewatin,  with  an  occasional 
(like  of  trap,  is  exposed.  There  is  a  lake  about  half  a  mile  long,  whose  greatest 
diameter  lies  in  a  southwest  direction  300  yards  or  so  southeast  of  the  southeast 
corner  of  16. 

Across  the  south  end  of  16  Keewatin  rocks  are  exposed.  They  appear  to  be  chiefly 
old  traps  with  occasional  dikes  of  later  diabase.  There  is  considerable  swamp  along 
the  line.  A  creek  flows  north  across  the  line  200  yards  or  so  east  of  the  southwest 
corner  of  the  lot.  Two  hundred  yards  east  of  the  southwest  corner  of  17,  blocks  of 
conglomerate  with  well-rounded  pebbles  a  couple  of  inches  or  more  in  diameter  were 
seen.  This  rock  was  not  found  in  place  here,  but  it  appears  not  to  have  been  trans- 
ported far.  Two  hundred  yards  farther  east  an  exposure  of  conglomerate-like  rock 
^ith  rather  angular  fragments  appears.  About  half  a  mile  south  of  this  is  a  long 
narroiF  lake  which  strikes  southward.  The  survey  lines  continue  south  from  both 
^"0  southwest  and  the  southeast  corners  of  17. 

*^he  esLst  boundary  of   17,   with  the   exception    of   the    extreme  north  and  south 
**'*^.  is  low  and  covered. 

West  Boundary  of  13 

^  ^^  tlie  west  side  of  13,  along  the  survey  line,  from  the  southwest  corner  for  a 
.  ^^iice  of  O40  yards  there  is  an  alteration  of  the  old,  lighter-colored  Keewatin  rocks, 
j    ^  ^iid   some  felsite.     At  the  640  yards  point  there  is  a  knoll  of  trap  with  a  ravine 

^^  *o  tlie     north. 

^     ^^  7sO   yards  north  the  rusty  rock,  containing  considerable  iron  pyrites  in  places, 

|-  ,  ^  in,  the  line  running  along  the  east  edge  of  the  rusty  hill.     The  pyrftes  is  in  thj 

-^^*coloj.ed    variety  of  the  Keewatin.     At  1,300  yards  up  the  line  a  little  of  the  ro?k 

**ining    iron    pyrites  has  been  broken  out  just  west  of  the  line.     The  association 

i'ocif  ^^^    mineral  along  this  lino  is  similar  to  that  at  some  of  the  Temagami  pyrite 

tb  *bau*   1,^^  yards  up  the  line  greenstone  or  trap  comes  in.     The  change,  from 

jj.     ^^it^   rock    ^^  *'^®  south  to   the  dark   rock   farther  north,  can  be  seen   for  some 
f     ^Hce  tfQjgi    tbo  south.     Then  trap  is  passed  over  till  we  come  to  a  band  of  the  iron 
^'^latio,,  wbioh    crosses   the  lino  75  yards  south  of  the  northwest  corner  post  of  13. 
®''®  is  greenstono  on   the  north  edge  of  this  outcrop,  which  is  35  feet  in  width  and 
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consists  of  interbanded  magnetite  and  light-ccrfored  silica.     The  greenstone  is  cut  hr 
a  mica-bearing  dike. 

Near  the  northwest  corner  of  13  the  more  massive  greenstone  passes  into  a  more 
disturbed  variety,  and  600  yards  north  of  the  southeast  comer  of  10  syenite  begins 
to  appear.  Numerous  dikes  of  this  rock  are  seen  along  the  line  about  200  yards  tt 
the  northward. 

Locations  4,  23,  22 

Going  east  along  the  north  boundary  of  4  a  swamp  is  crossed.  Two  hundred  yardi 
east  of  the  edge  of  this  large  swamp  the  iron  formation  begins.  This  is  300  yardi 
west  of  the  northeast  corner  of  4.  The  iron  formation  is  probably  300  feet  wide.  It 
is  leaner  on  the  west  and  east  sides,  and  so  attracts  the  needle  but  little  at  thase 
points.  The  strike  is  about  northeast,  where  it  crosses  the  line  between  4  and  23, 
find  the  dip  almost  vertical,  approaching  the  northwest. 

Two  hundred  and  sixty-five  yards  up  the  east  boundary  of  23  the  iron  formation 
crosses  the  line  into  22.  It  appears  to  strike  more  north  than  northeast  here  and 
\  robably  has  a  similar  strike  at  the  outcrop  last  mentioned. 

Down  the  east  boundary  of  4  much  of  the  surface  is  drift  covered.  A  smaU 
stream  is  crossed  about  two-thirds  of  the  way  down  the  line.  There  are  exposures 
of  the  older  series  and  of  the  newer  greenstones.  Twenty  yards  north  of  the  soutk- 
east  corner  post  of  4  conglomerate,  already  referred  ^,  outcrops  and  continues  south 
to  the  post.  It  strikes  northeast.  Pebbles  are  abundant  and  vary  in  size  up  to  about 
3  inches. 

West  along  the  south  boundary  of  location  4  the  first  150  yards  is  probably  con- 
rlomerate,  being  more  or  less  covered,  and  then  Keewatin  greenstone  rises  into  a  hill 
A  little  rust  is  seen  in  the  rooks  just  east  of  the  post.  Going  west  along  the  lino 
there  is  considerable  rusty  rock  on  the  east  half  of  the  half  mile  with  boulders  of 
.iaspilyte.  Westward,  160  yards  oast  of  the  southwest  corner  of  6,  the  jaspilyte  comeB 
in  in  outcrops  of  considerable  width. 

Mr.  McCamus  traced  the  iron  formation  southwest  from  the  northeast  corner 
of  4.  It  appears  to  cross  the  boundary  of  5  and  to  be  split  up,  an  outcrop  occurring 
r.ear  the  camp  in  4.  Here,  in  the  southwest  corner  of  4  about  25  yards  southeast  of 
a  shanty,  the  jaspilyte  is  cut  by  two  dikes.  The  band  of  iron  formation  here  is  about 
200  feet  wide.  A  mica  trap  dike  runs  northwest  approximately  and  averages  6  to  10 
feet  in  width.  At  its  southeast  end  it  cuts  a  felsite  dike,  which  also  cuts  the  iron 
formation  and  runs  southwest  approximately.  The  width  of  the  latter  dike  is  about 
6  feet.  The  trap  dike  holds  inclusions  of  granite,  as  does  the  smaller  dike  near  by- 
A  little  creek  cuts  across  the  iron  formation  to  the  east,  and  the  country  is  corereJ 
along  the  course  of  the  iron  formation  to  the  eastward.  To  the  north  are  large  out- 
ciops  of  rusty-weathering  rock. 

South   Boundaries  of  5,  6,  7,  8,  9 

Following  the  southern  boundary  of  6  and  7  a  trail  is  seen  running  along  the  north 
of  the  line  to  avoid  a  hill  and  a  small  lake.  On  the  east  end  of  the  southern  boundary 
of  6  is  a  high  hill  from  which  the  country  can  be  seen  for  miles  around.  Mount 
C.hannianis.  which  lies  a  slu)rt  distance  east  of  the  inter-provincial  boundary  line  near 
the  forty-s*'coud  mile  post  from  lake  Temiskaming,  looms  up  with  its  characteristic 
haystack  form. 

Throo  of  the  outcrops  of  jaspilyte  in  location  6  along  its  southern  boundary  strike 
north  and  northeast.  Outcrops  are  seen  in  7  and  one  in  8,  100  yards  east  of  the  post. 
The  strike  was  northwes:  and  the  dip,  which  was  almost  vertical,  was  to  the  east.  The 
outcrop  is  about  25  feet  in  length.  Near  the  southeast  corner  post  of  9  there  i«  t 
small  outcrop  of  the  iron  formation,  5  or  6  feet  wide.  Its  strT\Ve  is  northwest.  On  i;h« 
same  location,  200  yards  west  of  the  post,  is  an  outcrop   »bo\xt  ^  ^^^  ^^  length.    The 
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strike  is  northwest.  Fifty  yards  farther  west  is  an  outcrop  which  has  a  strike  north- 
west and  a  width  of  about  30  feet.  There  appears  to  be  one  band  which  has  been 
broken  up  by  greenstone.  In  the  swamp  a  short  distance  west  is  a  mass  of  iron 
formation  10  or  12  feet  in  diameter,  which  might  not  be  in  place.  Along  the  line  for 
100  yards  or  so  east  of  the  southwest  corner  of  9  the  jaspilyte  shows  in  outcrops  a  few 
feet  in  wid^h  and  is  much  disturbed. 

There  is  a  swamp  on  the  west  half  of  8.  No  outcrop  was  seen  or  determined  by 
the  dip  needle  200  yards  south  of  the  east  and  west  line  or  to  the  .northward  between 
lots  7  and  8. 

Going  north  on  the  line  between  7  and  8  the  syenite  is  met  with  n  quarter  of  n 
mile  south  of  the  north  boundary.  A  rusty  band  lies  to  the  south.  The  syenite  rises 
into  a  hill  along  the  north  boundary. 

Locations  II,  12,  18 

Going  west  on  the  line  between  10  and  12  a  few  feet  of  banded  iron  ore  is  seen 
150  yards  west  of  the  corner  post.  At  264  yards  a  band  has  a  width  of  3  or  4  feet, 
i»nd  the  strike  is  parallel  with  the  survey  line  for  a  few  yards.  There  is  a  creek  at 
the  northwest  corner  of  12.    The  post  is  situated  on  the  west  edge  of  the  creek. 

Four  hundred  and  forty  yards  north  of  the  southeast  corner  of  18  there  are  a  few 
feet  of  banded  ore  which  shows  at  the  outlet  of  a  creek  which  comes  from  a  lake  in 
18.  This  lake  lies  immediately  west  of  the  line,  and  is  not  shown  on  the  published 
map  of  the  township.  The  gorge  of  the  creek  lies  in  the  iron  formation.  There  is  an 
interesting  little  beaver  dam  across  the  creek  at  this  poinl.  Just  southwest  of  th's 
dam  the  banded  rock  is  much  wider  than  at  the  dam  itself. 

Jaspilyte  outcrops  across  11  and  12,  between  the  east  boundary  of  18  and  the 
west  of  13.  On  11  on  the  east  face  of  the  hill  near  the  centre  of  €he  lot  facing  th«) 
creek  bottom  there  is  an  exposure  of  jaspilyte  with  a  total  thickness  of  about  90  feet, 
interbanded  with  which  are  three  layers  of  rock  each  about  4  feet  wide.  On  lot  12 
on  the  face  of  the  hill,  facing  west  into  the  creek  bottom,  is  about  the  same  width 
of  jaspilyte.  The  iron  formation  seems  to  split  up  here,  one  part  running  east  to  the 
35  feet  band  on  the  west  boundary  of  13,  and  the  other  north  to  the  south  boundary 
of  10. 

The  iron  formation  runs  south  in  12,  and  outcrops  300  yards  west  of  the  600 
yard  point  north  of  the  southwest  corner  of  13.  It  occurs  on  both  sides  of  the  north 
end  south  line  between  11  and  12  in  this  part  of  the  field. 

The  distribution  of  the  outcrops  of  the  iron  formation  in  12  illustrates  the  dis- 
turbance to  which  it  has  been  subjected  in  Boston.  Three  have  been  referred  to  in 
the  location ;  one  crossing  the  line  between  12  and  13,  near  the  northwest  corner  ni 
the  latter;  another  on  the  line  between  10  and  12,  about  200  yards  From  the  north- 
cast  corner  of  12;  while  a  third  outcrop  is  that  referred  to  above.  It  lies  300  yards 
west  of  a  point  on  the  west  boundary  of  13,  the  point  being  600  yards  north  of  the 
^uthwest  corner  post  of  this  location. 

Conglomerate  appears  300  yards  west  of  the  600  yard  point  north  from  the  south 
end  of  the  west  boundary  of  13. 

CONGLOMERATE 

The  conglomerate  outliers  which  were  met  with,  as  shown  by  the  above  description 
of  the  locations,  are  three  in  number,  if  we  except  one  which  has  a  matrix  of  crystal- 
line limestone.  These  are  (1)  at  the  southeast  corner  of  4,  (2)  on  the  southern  bound- 
ary of  17,  (3)  on  the  south  half  of  12. 

This  conglomerate  probably  was  at  one  time  a  widespread  formation  here  but 
has  been  removed  by  erosive  agencies.  It  is  probably  of  the  same  age  as  that  in  whish 
the  cobalt-silver  veins  occur  near  lake  Temiskaming.  The  township  of  Boston  lies 
lit  a  greater  elevation  than  the  outcrops  near  Temiskaming.  Hence  its  surface  has 
been  subjected  to  more  severe  erosion. 
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ROCKS  NEAR  ROUND  LAKE 

• 

Some  of  the  rocks  in  the  yicinity  of  Round  lake  and  in  the  township  of  Otto  are 
described  in  a  report  made  by  Mr.  L.  L.  Bolton  to  the  Bureau  of  Mines,  and  published 
in  the  12th  Annual  Volume. 

The  present  writer  did  not  spend  much  time  around  the  lake  but  made  the  follow 
ing  notes: 

The  rock  near  the  south  end  of  the  east  boundary  of  Otto  is  syenite  with  dark 
inclusions  which  are  more  or  less  rounded.  These  dark  patches  no  doubt  represent 
fragments  of  the  Eeewatin  which  have  been  enclosed  and  partly  absorbed  by  the  in- 
trusive granite  magma.  Going  around  the  eastern  edge  of  Bound  lake  similar  oatcropi 
are  seen.  Continuing  the  canoe  route  down  the  river,  the  rock  seen  on  the  shores  is 
chiefly  granite,  with  dark  inclusions,  to  thje  point  where  the  north  branch  jnins  the 
Round  lake  branch  of  the  Blanche. 


PRE-CAMBRIAN  NOMENCLATURE' 

[Introductory  note  by  C.  R.  Van  HIse] 

he  report  below  of  the  special  committee  on  the  aomenclature  and  correlation 
)  geological  formations  of  the  United  States  and  Canada  is  the  first  joint  report 
3  geologists  of  the  two  countries.     Before  the  death  of  Dr.   G.   M.   Daweon,  for- 

director  of  the  Canadian  Geological  Survey,  I  had  correspondence  with  hi*.Q 
rerence  to  joint  field-work  in  the  lake  Superior  region.  It  was  agreed  between  us 
such  field-work  should  be  undertaken,  but  his  untimely  death  occurred  before 
ing  was  done. 

.fter  Dr.  Dawson's  death  1  continued  correspondence  upon  the  subject  with  Dr. 
't  Bell,  acting  director  of  the  Canadian  Geological  Survey.  As  a  reeult  of  thij 
ipondence,  December  22,  1902,  Dr.  Bell  wrote  to  Dr.  C.  D.  Walcott,  director  cf 
Jnited  States  Geological  Survey,  suggesting  a  conference  in  leference  to  the 
al  interest  of  the  two  Surveys.  This  letter  led  to  the  appointment  of  a  com- 
e — consisting  of  C.  W.  Hayes  and  C.  R.  Van  Hise,  for  the  United  Statea 
gical  Survey,  and  Robert  Bell  and  Frank  D.  Adams,  for  the  Canadian  Geological 
ly — to  consider  all  questions  as  to  the  successions  of  formations,  and  as  to 
nclature,  which  concerned  the  two  Surveys. 

his  committee,  with  C  W.  Hayes  as  chairman,  met  for  the  first  time  at 
ington,  January  2,  1903.  At  this  meeting  several  special  committees  were 
nted  to  consider  different  districts  along  the  international  boundary.  For  the 
Superior  region  the  following  committee  was  appointed;   for  the  United  States, 

Van  Hise  and  C.  K.  Leith,  of  the  United  States  Geological  Survey,  and  A.  O. 

state  geologist  of  Michigan;  and  for  Canada,  Robert  Bell  and  Frank  D.  Adams, 
i  Canadian  Geological  Survey,  and  W.  G.  Miller,  provincial  geologist  of  Ontario, 
ugust  3,  1904,  this  special  committee  met  in  the  Marquette  district  of  Michigan, 
luring  the  six  weeks  following  visited  successively  the  Gogebic,  Mesabi,  Vermilion, 
:  lake.  Lake  of  the  AVoods,  Animikic,  and  original  Huronian  districts.  After 
ing  the  field-work,  a  report  in  preliminary  form  was  drawn  up. 
Q  December,  1904,  another  meeting  of  the  special  committee  was  held  at  PhiU- 
ia,  further  to  consider  the  report,  all  members  of  the  committee  being  present 
t  C.  R.  Van  Hise.  At  this  meeting  the  report  of  the  sub-committee  was  com- 
1  as  given   below. 


REPORT  OF  THE  COMMITTEE 

our  special  committee  on  the  lake  Superior  region,  during  the  montlis  of  August 
September,  1904,  visited  various  districts  in  the  lake  Superior  country,  their 
»se  being  to  ascertain,  if  possible,  whether  they  could  agree  upon  the  succession 
•olations   of    the    formations    in    the   various    districts,    and    could   further    agree 

a  nomenclature  appropriate  to  express  the  facts.  The  districts  visited  were 
iTnrqnotto,  the  Penokec-Gogobic,  the  Mesabi,  the  Vermilion,  the  Rainy  lake, 
lake  of  the  Woods,   the  Thunder   Bay,  and  the  original   Huronian   to   the   north 

of  Lake  Huron.  Aside  from  the  rcojular  niombors  of  the  special  committee, 
irts  of  the  trip  other  geologists  were  with  the  party.  Dr.  C.  W.  Hayes,  geologist 
firge  of  geology,  United  States  Geological  Survey,  and  a  member  of  the  general 
ittee,  was  with  the  party  for  the  Marquette,  Penokee-Gogebic,  Mesabi,  Ver- 
1,    and   Rainy  lake   districts.      Professor    A.    E.    Seaman    was   with   the  party   for 

eport  of  International  Committfte  on  Lake  Bnporior  Geology;  from  the  Journal  of  Geology, 
iry -March,  1905. 

[  2<W)  ] 
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tho  Marquette,  Penokee-Gogebic,  Rainy  lake,  Lake  of  the  Woods,  and  Thunder 
Bay  districts.  Mr.  J.  U.  Sebenius  was  with  the  party  for  the  Mesabi  district,  Mr. 
W.  N.  Merriam,  for  the  Mesabi  and  Vermilion  districts;  Mr.  W.  N.  Smith,  for  the 
Thunder  Bay  district;  Mr.  E.  D.  Ingall  and  Mr.  T.  D.  Denis,  for  the  Lake  Huron 
district.     The  knowledge  of  these  men  was  of  great  assistance  to  the  committee. 

In  the  following  pages  we  shall  give  the  successions  and  relations  of  formations 
which  we  believe  to  obtain  for  each  of  the  districts  visited,  and  give  our  opinion  as 
to  tho  major  correlation  of  the  rock  series  of  the  various  districts,  so  far  as  th's 
can  be  safely  done,  and  the  nomenclature  which  seems  to  best  express  the  facts. 

For  each  district,  unless  otherwise  specified,  the  succession  will  be  considered 
in  descending  order.  In  giving  the  successions  for  the  various  districts,  we  shall 
use,  for  convenience,  tho  names  suggested  by  geologists  who  have  done  the  detailel 
work  in  the  districts,  without  thereby  expressing  any  opinion  as  to  their  appropri- 
fteness  or  their  advisability. 

In  tho  Marquette  district  we  found  the  upper  series  there  exposed  to  be  as  f ol: 
lows:   (1)  Michigammo  slate  and  schist,  and  (2)  Ishpeming  formation.     Locally  within 
the    Michigamme   slate,,  and   apparently    near    its   base,    is    an    iron-bearing    horizoa. 
The    Clarksburg   volcanics,    said    to  be  a    local  phase   of  the   Michigamme   formation, 
were    seen   at  Champion.         The    basal    member  of    the    Ishpeming    formation    is  the 
Goodrich   quartzite.     This   series,    called    the   upper    Marquette  scries    by   the   Unite*] 
States   Geological   Survey,    has    at   ite    base  a    pronounced    unconformity,    marked  b? 
extensive  beds  of  conglomerate,  having  materials  of  diverse  character.     The  dominant 
fragments  of  the   conglomerate  at  the   localities  visited  are   from  the   Negaunee  for- 
mation   to  be    mentioned   below.        The    next  scries   is  the    Middle    Marquette  series, 
consisting   of   (1)   tho   Xegannoe  formation,    (2)   the    Siamo   slate,   and   (3)    the   Ajiblk 
quartzite.      In    the   publications    of  the    United    States   Geological    Survey   this  'seri*^^ 
was  not  separated  from  the  series  next  mentioned,  but  the  work  of  Professor  Seaman 
has   shown   tli,at   there   is    a    pronounced    unconformity,   marked   by  strong   basal  coa- 
glomerates   at    the   bottom    of    the    Ajibik.      Below    this   unconformity    is    the    Lowet* 
Marquette   series,   consisting   of  (1)   the  Wewe   slate,    (2)  the  Kona  dolomite,   and  (3^ 
tho  Mesnard  quartzite.     At  tho  places  where  we  saw  the  succession  there  is  a  belt  o* 
slate  between  the  Kona  dolomite  and  tho  ]Mesnard  quartzite  of  such  thickness  that  i** 
might  possibly    bo   mapped    as    a    formation    if    the   exposures   were    more    numerous - 
The  members  of  the  United  States  Geological  Survey  think  that  this  slate  is  probab!  V 
t;enoral  for  tho  district,  as  it  shows  wherever  the  exposures  are  continuous  from  th  "> 
dolomite    to   the    quartzite.         At   tli^e   base    of     the    Lower     Marquette    series     is    <**' 
unconformity^  marked    by   conglomerates   bearing    fragments   of  all  the  kinds  of  rock?*, 
seen    in  the    underlying  series.    Two    classes    of     fragments    are    especially    abundant- 
Ihese     are     (1)     tuff,     greenstone    schist,     and     many      kinds     of     greenstones     whici* 
belong    to  tlu?i   so-called  green-schist    series    of    the    district,    and     (2)     various    kind^ 
of    granite    and   gneissoid  granite.        Adjacent    to  tho    state  road    south    of    the   cit^ 
of    Marquette    the    actual    contact    was    seen    between    the       two    series,     the    bas** 
conglomerate     resting     upon     the    green    schist.  The     great     variety    of    material^ 

\r.  this  conp;lonierate  and  tlie  well-rounde<l  character  of  the  fragments  left  no  doul^*' 
in  tho  minds  of  the  members  of  the  party  that  there  is  a  great  structural  break  »^ 
the   base   of  the  Lower   Marquette   series. 

Tho  lowest  group  of  ^ho  Marquette  district  is  a  very  complex  one,  which  hj^^^ 
been  designated  as  the  Basement  Complex.  It  consists  of  two  classes  of  material-—^ 
the  greenstone-schist  series,  and  the  granites  and  gneissoid  granites.  The  greenstot*-^ 
i^chist  series  is  especially  well  known  through  tho  description  of  the  late  George  tf 
Williams,  found  in  Bulletin  G2  of  the  United  States  Geological  Survey.  This  seri^^ 
is  designated  on  the  maps  of  the  Marquette  Monograph  as  the  Eitchi  and  Mon^ 
schists.  Instrusive  in  the  green  schist  series  are  great  masses  of  granite  and  gneissoi^ 
kjranite.  No  evidence  was  seen  by  the  party  that  any  of  the  granites  intrude  tb^ 
j-edimentary    series   above   the     green-schist    series,    although     Seaman    thinks     in   OH^ 
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place  a  small  mass  of  granite  does  intrude  the  Lower  Marquette  series.  It  is  believed 
that  the  great  masses  of  granite  of  the  district  antedate  the  three  series  here  called 
Upper,  Middle  and  Lower  Marquette. 

In    the   Penokee-Gogebic    district    the    highest    rocks   seen   are    the   Keweenawan 
traps  and  interbedded  sandstones,    the    bedding    of    which    dips    at    a    high  angle  te 
the  north.     No  actual  contact    between    the    Keweenawan    and    the    next    underlying 
series  was  seen,   but  north  of  Bessemer,  below   the  Keweenawan,    the  next   formation 
is  the  great  Tyler   slate  formation   of  the  Penokee  series,  while  at  Sunday   lake  the 
K^eweenawan    rests  directly  on   the  iron-bearing   formation  which   is  stratigraphically 
below  the  slate.     This  relation  led  the  party  to  infer  the  existence  of  an  important 
unconformity    between    the  two.      The   Penokee-Gogebic,    or    iron -bearing   series,    con- 
siitfi    of   (1)   the  Tyler  slate,    (2)    the   Ironwood  formation,    and  (3)    the   Palms  slate. 
This  Palms  slate   was  seen  to   rest  directly   upon   granite  south  of  the  Newport  and 
Palms  m*ne.     At  the  former  locality  there  is   no  conglomerate   at  the  base.     At  the 
iatter  locality  there  is  a  conglomerate  at  the  base  of  the  slate  which,  besides  cdhtain- 
ing  granite  detritus,    also  contains  many    cherty    fragments    supposed  to    be  derived 
irom   the  next    underlying   sedimentary   series. 

East  of  the  Presque  Isle  river  the  lower  sedimentary  succession  of  the  Pcuokee- 
Gogebic  district  was  visited,  here  consisting  of  (1)  cherty  limestone  and  (2)  quartzite. 
'ihe  quartzite  dips  to  the  north  at  a  moderate  angle  and  rests  upon  green  schist.  The 
two  formations  were  seen  in  direct  contact  for  a  hundred  fe^t  or  more.  The  cleaya^^o 
C'i  the  green  schist  abuts  against  the  bedding  of  the  quartzite  at  right  anglee.  The 
quartzite  near  its  base  passes  into  a  conglomerate,  which,  just*  above  the  conta-jt 
becomes  very  coarse  and  contains  very  numerous  well-rolled  fragments  of  the  im- 
mediately subjacent  schist.  The  unconformity  at  the  base  of  the  quartzite  could  not 
be  more  pronounced. 

The  party  nowhere  saw  the  relations  of  the  limcstone-quartzite  series  just  des- 
<^nbed  and  the  Penokee-Gogebic  series  proper,  but  they  have  no  reason  to  doubt  the 
W)Qclusion  of  the  United  States  Geological  Survey  that  the  limestone-quartzite  series 
's  tte  inferior  one. 

The  relations  of  the  green  schist,  called  Mareniscan  by  the  United  States 
R«ologists,  and  the  granite,  which  together  constitulie  (the  basement  upon  which 
tlte  determined  sedimentary  series  of  the  dictrict  rest,  were  not  studied  by  the 
P**^y.  The  United  States  geologists  hold  that  the  relations  are  perfectly  clear,  and 
^a'fc   the  granitic  rocks  are  intrusive  in   the  green  schist. 

'In  the  Mesabi  district  the  succession  of  the  Mesabi  series  is  as  follows:  (I) 
"'■"^inia  slate,  (2)  the  Biwabik  iron  formation,  and  (3)  the  Pokogama  quartzite. 
^■^^3  series  dips  at  a  gentle  angle  to  tlve  south.  At  the  base  of  this  series  at 
°*^'iibik  is  a  conglomerate  which  rests  upon  a  series  of  slates  and  graywacke,  the 
l^t-^^P  in  nearly  vertical  attitude.  The  unconformity  between  the  two  is  most 
P'^^ounced.  The  slate  and  graywacke  where  crossed  has  a  considerable  breadth. 
'^  ^anks  a  green-schist  series.  The  slate  and  graywacke  formation  adjacent  to  the 
K'^^ji-tchist  is  conglomeratic.  Many  of  the  fragments  of  the  conglomerate  are  from 
^he  underlying  green  schists.  At  the  locality  visited  it  could  not  be  asserted  that 
^■*^  break  between  the  slate-graywacke  formation  and  the  green-schist  series  is  great, 
**^ticiugh  nothing  was  seen  which  is  contrary  to  this  view.  The  granite  constituting 
^^  Mesabi  range  is  reported  by  the  United  States  geologists  as  intruding  both  the 
K^^^n-schist  and  the  slate-graywacke  series,  but  not  the  Mesabi  series.  At  the  east 
•■^  of  the  district  a  newer  granite  is  reported  as  'ntruding  both  the  Mesabi  and  the 
^^^"eenawan  series,  and  in  the  central  portion  of  the  district  small  areas  of  granite 
l^*^hyry  are  reported   as  antedating  the  slate-graywacke  series. 

In  the    Vermilion   district  the  Upper    series,    where   seen,   consists    of    (1)    Knife 

•'^^^s  and  (2)  Ogishke  conglomerate.     The  Ogishke  conglomerate  contains  very  numer- 

•••  fragments  of  all  the  underlying  formations  noted — porphyries,  green  schists,   iron 

fittiiataon,    granite^and  we   have   no    doubt  that  there   is    a  great    structural    break 
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at  the  base  of  the  Ogishke.     The  series  below  this  unconformity,  the  Vermilion  serifs, 
consists  of  (1)  the  P^ly  greenstone  and  (2)  the  Soudan  formation.     The  Ely  greenstone 
is  the  dominant  formation.     It  is  mainly  composed  of  green  schists  and  greenstones, 
many    of    wliich  show    the  ellipsoidal    structure  described   by   Clements.         The  otli.T 
important    formation    of  the    Vermilion    series   is   the    Soudan    iron    formation.     The 
structural  relations   of  the    Ely.  greenstone    and    the    Soudan     formation     are    most 
intricate.      No  opinion    here  expressed    as   to    their   order.     The    Ely    greenstone   and 
the   Soudan  iron   formation   are  cut   by   porphyries,  and,   according   to  the   reports  oi 
tho   United   States  Geological   Survey,  are  cut   in   a  most  complex   way   by  the  great 
northern   granite,   but  the   localities   ilustrating  this   were   not  visited.      It   is  worthy 
ol    mention   that  the   United   Sates  geologists   report   granite   as    intruding   the   Knife 
slates   and  Ogishke   conglomerates   in   the  central  parts   of   the  district,    especially   »n 
tho  vicinity   of  Snowbank  lake,  but  this  locality  was  not  visited  by   the  party. 

In  tho  Hainy  lake  district  tho  party  observed  tho  relations  of  the  several  for- 
mations along  one  line  of  section  at  the  east  end  of  Shoal  lake  and  at  a  number  of 
ether  localities.  Tho  party  is  satisfied  that  alon<r  the  line  of  section  most  closely 
studied  the  relations  are  clear  and  distinct.  The  Coudiiching  schists  form  tho  highest 
formation.  These  are  a  series  of  micaceous  schist.s  graduating  downward  into  green 
bornblendic  and  chloritic  schists,  here  mapped  by  Law.Non  as  Keewatin,  which  pai« 
int.)  a  conc^lomerate  known  as  tho  Shoal  lake  conj^lomerate.  This  conglomerate  lies 
upon  an  area  of  green  schists  and  granites  known  as  tho  Bad  Vermilion  granites. 
1 1  holds  numerous  largo  well-rolled  fragments  of  tho  underlying  rocks,  arid  forms 
the  base  of  a  sedimentary  series.  It  is  certain  that  in  this  line  of  section  the 
Couchiching  is  stratigraphically  higher  than  the  chloritic  schists  and  conglomerates 
mapped  as  Keewatin.  On  the  south  side  of  Rat  Root  bay  there  is  also  a  great  con- 
glomerate belt,  tho  dominant  fragments  of  which  consist  of  green  schist  and  greenstone, 
but  which  also  contain  much  granite.  The  party  did  not  visit  the  main  belts 
color^'d  by  LawKoii  as  Keewatin  on  the  Rainy  lake  map,  constituting  a  large  part 
o.'  the  northern  and  central  parts  of  Rainy  lake.  These,  however,  had  been  visited  by 
Van  Hise  in  a  previous  year,  and  he  regards  these  areas  as  largely  similar  to  the  greea- 
schist  areas  intruded  by  granite  at  Bad  Vermilion  lake,  whore  the  schists  and  granites 
are  tho    source    of   the   pebbles   and   boulders   of  the   conglomerate. 

In  the  Lake  of  tho  Woods  arc^a  one  main  si'ction  was  made  trom  Falcon  island 
<o  Bat  Portage,  with  various  traverses  to  tho  east  and  west  of  the  lino  of  section- 
Ihv  Mutioii  was  not  altoj^ether  coutinuous.  but  a  number  of  representatives  of  eacn 
formation  mappod  by  Lawson  were  visited.  Wo  found  Lawson's  descriptions  to  be 
suhstant i:illy  correct.  Wo  were  unable  to  find  any  bolts  of  undoubted  sedimentary 
s'ato    of    '  o!'..^i(lrrahle    nia£:nitrde.  At    (>iie    or   two   localities,    subordinate    bolts   of 

8iatt-  wliiili  ani^eared  to  be  ordinary  sediment,  and  one  bolt  of  black  slate  which  is 
ccrtninly  siMlinniit.  are  found.  In  short,  the  materials  which  we  could  recognize 
a^  M ;:.»  r-(li'H..vi:od  sediments  are  small  in  volume.  Many  of  the  slaty  phases  of 
rocks  ^oi  iiH'd  to  !)(>  nt)  more  than  the  nietamorpho>ed  ellipsoidal  greenstones  anH 
tufr<,  bi:t  soit  o  of  them  may  he  altered  felsite.  However,  we  do  not  a.ssert  that  lanier 
ar<»a^  may  no*  b,>  sedimentary  in  the  senso  (^f  heins:  deposited  under  water.  Asi'«P 
from  the  Inlts  ma]>pcd  as  slat»*.  there  nvo  <i:reat  areas  of  what  Lawson  calls  ag?loni- 
frate.  Th«vi'  holts,  mapped  as  a*iilomerate>.  se^m  to  us  to  be  largely  tuff  deposits, 
but  also  i]i(li],l,«  e\ten>i\e  arra<  «>{"  elli|)soidaI  j^reenstonos.  At  a  number  of  place*. 
ns^ociati'd  :iii(l  inter^trat itied  with  the  slaty  phases  are  narrow  bands  of  ferruginous 
and  silireoiw  (l.Oomite.  For  tlu'  most  part  th. »  hands  arc  less  than  a  foot  in  thick- 
i.es-.  and  im  I»:iiid  was  si'cn  as  widi^  a^  three  feet,  hut  the  aGlS^^SS^te  thickness  of  t 
iiumluT  of   I'ands   at    «>ni^  locality  would    ai.uvunt    to  several   feet. 

\\«^    c(>Mld     d  =  vc,<v,.r  no    strm-tnral    breaks    hotweo:i    the    nl'*^^^    iotmaUons  oi  the 

Take    of    the     Woods.       The     various    elass^w     of     materials si.  ^'^^^^^^    ARsVomerate   and 

ellipv..i<hil    mi'i'UNtones     all    >tM'm   to     helon<j;    toixotlier.      In    shor ^^  ^Vo5^    Toc\ts    ii\  tlie 

f.ak*^  (»f  the   Wi>ods  sec;n    to   us   to  constitute  ore   serie,*?    which.  ^*^  ^^^^  W^o\\  i^^^^eous 
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r  volcanic  in  origin,  but  does,  as  abovo  mentioned,  contain  some  sediments.  This 
eries  in  the  Lake  of  the  Woods  area  is  the  one  for  which  the  term  ''Keewatin*' 
ras  first  proposed  for  the  greenstone  series,  Lawson  giviiig  as  one  reason  for  pro- 
osing  this  name  the  statement  that  there  is  no  evidence  that  these  rocks  are 
iquivalent  with  the  rocks  of  Lake  Huron  described  by  Logan  and  Murray  as  Huronian. 

The  ellipsoidal  greenstone-agglomerate-slate  series  is  cut  in  a  most  intricate  way 
)y  granite  and  granitoid  gneiss,  which  constitute  much  of  Falcon  island  at  the 
outhern  part  of  the  Lake  of  the  Woods  and  a  great  area  north  of  the  Lake  of  he 
IVoods.  These  relations  between  the  granite  and  Keewatin  were  seen  on  the  north- 
ireet  part  of  Falcon  island  and  on  a  small  island  adjacent.  They  were  also  seen 
riorth  of  Rat  Portage.  At  the  latter  place  the  rocks  adjacent  to  the  granito  are 
banded  hornblende  and  micaceous  schists,  very  similar  to  the  banded  rocks  of  Light 
House  point,  at  M..rquette.  At  Hebe  falls  the  granite  and  Keewatin  series  are  seen 
to  be  in  actual  contact,  the  Keewatin  being  apparently  intruded  by  the  granites, 
although  the  relations  have  often  been  interpreted  as  conformable  gradations.  Goiu;; 
north  along  the  Winnipeg  river,  the  relations  between  the  two  series  become  perfect!/ 
clear.  Great  blocks  of  the  Keewatin  arc  included  in  the  granite,  the  masses  varying 
from  those  of  small  size  to  others  of  enormous  bulk.  Also  the  two  have  intricate 
relations,  which  have  perhaps  been  best  described  as  lit  par  lit  injection.  In  short, 
the  relations  are  those  so  well  described  by  Lawson  for  this  area. 

In  the  Thunder  Bay  district  we  visited  especially  the  areas  about  Loon  lake  anl 
Port  Arthur.  In  the  Loon  lake  area  the  succession  is  as  follows:  The  top  series  i' 
the  Eeweenawan,   here  consisting  of  sandstone   above  and  conglomerate   below,   with 

interbcdded  basic  igneous  flows  or  sills.  Below  the  Kewcenawan  is  the  Animikie. 
The  contact  between  the  Keweenawan  and  the  Animikie  was  seen  at  two  places. 
At  one  of  these  there  is  an  appearance  of  conformity,  but  at  the  other  the  eroded 
^^  of  the  Animikie  iron-bearing  formation  are  traversed  by  tho  Kewcenawan  beds. 
At  one  contact  the  base  of  the  Keweenawan  rests  on  tho  Animikie  slate,  inter- 
Hratified  with  the  iron  formation,  and  at  the  other  on  one  of  tho  members  of  the 
iron-bearing  formation.  At  both  localities  the  conglomerate  at  ihe  base  of  the 
Keweenawan  bears  detritus  from  the  underlying  scries,  including  both  the  slate  and 
the  iron-bearing  formations  of  tlie  Animikie.  The  Animikie  succession  which  we 
«tw  near  Loon  lake  includes  two  phases  of  the  iron-bearing  formation  with  an  inter- 
■tratified  belt  of  slate.  The  Animikie  here  has  in  general  rather  flat  dips,  although 
locally  they   become  somewhat  steeper. 

Near  Port  Arthur  tho  higher  slate  member  of  tho  Animikie  was  visited  by  a 
portion  of  tho  party,  and  on  previous  occasions  had  been  visited  by  the  other  members, 
•■^is  is  the  formation  which  is  agreed  by  all  to  rest  upon  the  Animikie  iron  formation . 
^*  is  notable  as  containing  the  intrusive  sills  called   by  Lawson  the  Logan  sills. 

At  one  place  near  Loon  lako  a  test  pit  has  been  sunk  to  tlvo  bottom  of  the 
Animikie,  and  here  at  the  base  of  the  formation  is  a  conglomerate  bearing  fragments 

of  the  next  underlying  series — a  eraywacke  slate.  This  graywacke  slato  covers  a 
iFrge  area,  shows  cleavage  at  a  high  angle,  and  is  evidently  an  important  formation 
*n  tho  district. 

The  party  has  no  doubt  that  there  is  considerable  unconformity  between  the 
keweenawan  and  the  Animikie,  and  a  very  important  unconformity  between  the 
Animikie  and  the  gray  wacko  slates. 

A  portion  of  the  party  wont  north  from  Port  Arthur  to  see  the  green-schist  and 
?ranito  series.  This  was  found,  but  soon  only  in  small  volume  at  the  particular  are.i 
^ 'sited.  At  other  times  several  members  of  tho  party  have  visited  larger  areas  of 
this  green-schist  and  granito  complex  north  and  northwest  of  Port  Arthur  in  Gorham. 
Conmee,  and  other  townships,  and  in  tho  groon  schists  thoy  found  an  iron-boarin'C 
formation  analogous  in  character  to  the  Soudan  formation  of  the  Vermilion  district. 
The  granites  are  intrusive  in   tho  greenstones. 

18  m. 
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At    no   place   were    the   relations    betwee-n    the    graywacke   slate    series    below  the 
Animikie   and   the   green-schist  granite  complex  obsen-ed. 

In  the  original  Huronian  area — i.  e.,  the  area  described  by  Logan  and  Murray 
as  extending  from  near  Sault  Ste.  Marie  along  the  north  shore  of  Lake  Huron  to 
Thcssalon  and  northward — we  examined  a  number  of  crucial  localities.  At  the  fire 
jf  those,  about  five  miles  from  Sault  Ste.  Marie,  near  Root  river,  we  studieB  th" 
relations  of  the  conglomerate,  mapped  as  lower  slate  conglomerate  by  Logan,  with  the 
granite.  The  conglomerate  is  in  a  vertical  position.  We  tound  the  upper  horizon 
rf  the  conglomerate  near  the  road  to  be  of  moderate  coarseness,  and  to  contain  many 
fragments  of  green  schist,  greenstone  and  granite.  The  granite  fragments  incretw 
in  prominence  and  size  toward  the  north,  and  at  the  north  end  of  the  exposure  we 
have  a  groat  granite  conglomerate.  After  an  interval  of  a  few  paces  we  found  to  the 
Lorth  a  red  granite  similar  to  many  of  the  fragments  of  the  conglomerate.  The 
party  has  no  doubt  that  the  conglomerate  rests  unconformably  upon  the  granite. 
This  conglomerate,  while  mapped  by  Logan  as  lower  slate  conglomerate,  appears  to 
be  above  a  limestone  next  to  be  mentioned,  and  has  been  connected  by  Van  Hiy.' 
rnd  Loith  with  rocks  like  the  red  quartzite  belonging  aljove  the  limestone,  and  they 
believe  it  to  be  the  upper  slate  conglomerate  rather  than  the  lower  slate  conglomerate, 
although  the  overlapping  recent  lake  deposits  prevent  the  connection  by  actual  arei) 
tracing.  A  short  distance  east  of  the  point  where  the  conglomerate  is  next  to  tb3 
granite  and  north  of  the  great  mass  of  the  conglomerate  is  a  belt  of  limestone  which 
continues  east  for  perhaps  half  a  mile.  North  of  this  limestone  is  conglomerate,  and 
fctill  to  the  north,  granite.  This  northern  conglomerate  is  very  similar  to  the  con- 
glomerate* south  of  the  limestone,  and  two  interpretations  are  possible  as  to  its 
position :  it  may  be  rot^arded  as  the  lower  slate  congloiuerate  under  the  limcs:oni 
oi  it  may  l.e  regarded  as  an  (Kiuivalont  to  the  conglomerate  south  of  the  limestone, 
being  rrpt'atod  by  an  anticline  or  possibly  a  fault.  The  limestone  has  a  steep  dip  to 
the   north,   and,   accepting  either   alternative,    it    must   be    regarded   as  overturned. 

We  next  visited  the  aoand'med  limestone  quarry  north  of  Garden  rirer  station. 
Here  we  found  the  conglomerate,  marked  by  Logan  as  the  upper  slate  conglomerat* 
within  a  few  paces  of  the  limestone.  This  conglomerate  is  in  all  respects  simiUr 
to  the  average  of  the  conglomerates  b(»fore  mentioned,  except  that  it  contains  very 
numerous  liniestonr'  fracmonts.  The  party  has  no  doubt  that  the  limestone  formation 
TV  as  laid  down,  and  that  a  considerable  erovsion  interval  occurred  before  the  depositi'JO 
ot  the  conglomerate  upon  the  limestone.  The  slate-conglomerate  belt  north  of  th^ 
Jimostone  was  examined,  and  while  it  was  not  found  in  contact  with  the  limestone?: 
it  wa<  seen  to  increase  in  coarseness  as  the  limestone  is  approached,  and  across  th^ 
little  ravine  which  soparate>  the  conglomerate  from  the  limestone  it  was  found  tu 
contain  numerous  limestone  fragments.  We  therefore  conclude  that  the  rock  on 
tach  side  of  tlie  linie.-ton«*  i>:  the  upper  slate  conglomerate,  the  structure  being  anti- 
clinal, iK>Nvil)ly  witli  fanltiniL:.  Thi>  conclusion  suggests  that  the  same  relation 
obtain^   at   tlie   1\ch)X    river   locality   above   described. 

On  the  limestone  point  on  the  ea'-^t  side  of  Kcho  lake  we  found  the  following 
ascendin  ^  siiiccNNJon.  AAith  nio'HH-linal  dip  to  th<*  s;>uthi'ri'*t :  (I)  white  or  gray  qiiarw- 
ito.  izradinj:  ilirorj]:h  irraywacke  into  (2)  a  thin  belt  of  conglomerate  not  exceeding 
twenty  foot  in  thickness  and  containing  numerous  granite  fragments.  Above  th« 
conixloin4Tate  i^  y^)  limestone  in  considerable  thickness,  and  over  this  (4)  the  upp^^ 
flate  coniilonierate.  This  last  in  a  thick  formation.  The  upper  conglomerate  is  veit 
coarse  near  the  limestone,  and  heccmes  tiiier  in  pa^ising  away  from  the  limestcme  along 
the  lake  sliore.  Like  the  conglomerate  near  Garden  river,  it  bears  very  numoroo 
limestoiu*  fragments.  th«'  evideiu-e  of  which  is  beautifully  seen  at  the  lake  shorti 
rliere  tlit^  \\atcr  ha*^  di'^ 'Solved  many  of  them  completely  and  others  in  part.  T^ 
ledge  tlnis  pre«.onts  a  di^oply  pitted  ^^urface.  many  of  the  pits  being  several  indid 
in    depth. 

IHa  M. 
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On  the  west  side  of  Echo  lake  we  ascended  the  prominent  bluff  next  north  of  the 
rest  limestone  pointy  and  here  found  the  formation  nearly  horizontal,  but  dippin,; 
lightly  into  the  hill.  The  quartzite  in  tnis  position  composes  the  greater  part  of  the 
•luff.  A  short  distance  from  the  top  we  found  the  quartzite  grading  upward  int^ 
i  gray wacke-1  ike  rock,  and  this  into  a  conglojierate  which  contains  granite  and  green^ 
diist  fragments;  indeed,  it  is  typical  slate  conglomerate.  This  conglomerate  is  only 
few  feet  in  thickness,  and  above  it  appears  a  siliceous  limestone,  and  above  this^ 
lormal  lim€\stone  like  that  of  Garden  river  and  the  east  side  of  Echo  lake.  Tht) 
otfti  thickness  of  the  limestone  here  seen  was  probably  not  more  than  fifty  feet,  ani 
t  the  conglomerate  below,  not  more  than  thirty  feet.  The  lower  five  hundred  foot 
1*  more  of  the  bluff   is  the  white  quartsite. 

The  other  bluffs  on  the  west  side  of  the  lake  were  not  visited  by  the  party,  but 
^ith,  Seaman,  and  Van  Hise  have  examined  each  of  these  bluffs,  and  found  "vhe 
accession  above  given  to  obtain  upon  each  prominent  bluff,  with  the  exception  that 
p  the  next  bluff  to  the  north  the  limestone  is  wanting,  so  far  as  observed.  The 
imestone  is  also  in  greater  force  on  some  of  the  other  bluffs,  but  is  always  subordinate 
c  thickness  to  the  quartzite.  It  thus  appears  that  the  great  formation  on  the  west 
ide  of  Echo  lake  is  the  quartzite ;  that  the  limestone  above  appears,  not  as  a  singlo 
elt^  but  as  a  number  of  synclinal  patches  often  capping  the  hills ;  and  that  the 
ongiomerate-  showing  both  north  and  south  of  the  limestone  is  a  very  thin  foundation 
•etween  the  quartzite  and  the  limestone,  and  is,  therefore,  the  lower  slate  con- 
;iomerate. 

Our  observations  from  Root  river  to  Echo  lake  fonvince  u.s  that  there  is  a  con- 
iderable  structural  break  in  the  Huronian.  The  upper  series  includes  the  foUowiuj^ 
ormations  of  Logan,  viz. :  white  quartzite,  clLcrt,  and  limestone,  yellow  chert  and 
une^nc,  white  quartzite,  red  jasper  conglomerate,  red  quartzite,  and  upper  slat«d 
onglomerate.  The  lower  series  includes  the  lower  limestone  of  Logan  and  the  lower 
late  conglomerate,  white  quartzite,  and  gray  <iuartzite.  North  of  Thessalon  the  two 
eries  are  represented  by  Logan  and  Murray  as  being  separated  by  a  fault.  Here 
he  distribution  may  be  explained  by  the  unconformity  mentioned,  but  it  is  also 
ntirely  possible  that  the  relations  are  due  to  faulting  or  to  both  unconformity  ant) 
aulting. 

Four  miles  east  of  Thessalon  on  several  islands  off  the  coast  is  a  great  conglonv- 
rate,  mapped  by  Logan  and  Murray  as  a  gray  quartzite.  This  conglomerate  was 
ound  to  rest  unconformahly  upon  the  granite,  the  actual  contact  being  observed 
ipon  one  island  opposite  the  northwest  (juarter  of  section  12  of  the  township  of 
*he9salon.  The  fragments  in  the  conglomerate  are  well  rounded  and  are  largely 
ranite,  but  there  are  numerous  pebbles  and  boulders  of  greenstone  and  green  schist. 
In  several  islands  adjacent  to  the  conglomerate  the  massive  granite  includes  many 
ragments  of  greenstone  and  green  schist,  showing  the  granite  to  be  intrusive  intt 
greenstone  formation.  Thus  in  the  complex  against  which  the  conglomerate  resU 
re  have  a  source  both  for  the  granite  and  greenstone  pebbles  and  boulders.  To  th«% 
lorthwest  the  conglomerate  grades  up  by  the  interstratification  into  a  quartzite. 
kbout  a  quarter  of  a  mile  west  of  the  conglomerate,  near  the  north  end  of  a  point. 
he  quartzite  is  found  to  become  a  fine  conglomerate,  and  to  rest  against  greenstone 
hich  is  cut  by  a  large  granite  dike.  The  greenstone  shows  ellip.soidal  parting.  The 
ranite  dike  strikes  toward  tlie  conglomerate  and  the  quartzite.  but  it  dies  out  int^ 
depressif>n  showing  no  rock,  which  continues  to  the  quartzite  some  fifty  or  sixty 
eet  distant.  The  quartzite  and  conglomerate  strike  directly  across  this  depression, 
howing  continuous  exposures,  and  are  not  cut  by  granite.  The  relations  here  are 
elieved  by  certain  members  of  the  party  to  show  clearly  that  the  quartzite  afid 
onglomerate  rest  unconformahly  upon  the  greenstone,  but  other  members  felt  th»t 
bis  conclusion  is  not  certain.  The  conglomerate  and  gray  quartzite  are  cut  by 
reenstonc  dikes.     Similar   rcx'ks  also  cut   the  Thessalon   series  referred  to   below. 
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The  rocks  called  green  chloritic  schist  by  Logan  (3c)  will  here  be  callec 
Thessalon  series.  This  series  consists  of  ellipsoidal  greenstones,  amygdaloids,  ag 
erates,  and  massive  greenstones.  No  undoubted  sediments  were  observed  i 
series.  The  relations  of  the  Thessalon  series  to  the  granite  were  observed  soul 
of  Little  Rapids,  and  it  was  found  that  the  granite  cuts  the  greenstone  series 
intricate  fashion.  The  belt  of  gray  quartzite,  mapped  as  extending  inland 
number  of  miles  between  the  Thessalon  series  and  the  granite,  was  found  to  be  i 
at  this  locality.  Two  or  three  miles  east  of  Thessalon,  felsite  and  granite  in  coi 
able  masses  were  found  to  intrude  the  Thessaloit  series.  At  one  place  several 
or  granite  dikes  were  observed  to  cut  both  the  agglomerates  and  ellipsoidal  | 
stones.  From  the  relations  observed,  the  party  had  no  doubt  that  the  congloi 
i^^ands  east  of  Thessalon  belong  unconformably  upon  the  granite,  and  they  th 
(.robable  (Van  Hise  would  say  highly  probable)  that  the  quartsite  and  congloi 
rest  unconformably  upon  the  Thessalon  series,  mapped  as  green  chloritic  sis 
Logan  and  Murray.  It  is  regarded  as  probable  that  the  white  quartzite  belo 
lower  slate  conglomerate  northwest  of  the  Thessalon  series  which  is  adjacent,  i 
!>hown  by  its  dip  to  rest  upon  the  Thessalon  series,  is  separated  from  that  seri 
an  unconformity,    but  no  direct  /Evidence  of  such   relation   was  observed. 

The  Thessalon  series  should  be  excluded  from  the  Huronian  if,  as  believer 
unconformity  just  mentioned  exists.  If  this  series  be  excluded,  the  Huronian  of 
Huron  consists  of  two  series,  an  Upper  Huronian  and  a  Lower  Huronian. 
Upper  Huronian  extends  from  the  top  of  the  series,  as  given  by  Logan  and  M^ 
downward  ^o  and  including  the  upper  slate  conglomerate;  and  the  Lower  Hui 
extends  from  the  main  limestone  formation  to  the  gray  quartzite,  including  its 
conglomerates.  In  the  area  mapped  by  Logan  on  the  north  shore  of  lake  Hare 
Laurentian  consists  of  granite  and  gneissoid  granite,  with  subordinate  incl 
cf  greenstone. 

We  do  not  feel  that  our  examination  of  the  Lake  Superior  region  was  suffic 
detailed  to  warrant  an  attempt  at  correlation  of  the  individual  formations  oi 
various  districts.  There  are,  however,  certain  general  points  which  seem  to  be  r< 
ably  clear,  and  about  which  there  is  no  diflfereuce  of  opinion  between  us.  Thes 
as   follows: 

There   is   an   important  structural   break   at   the   base   of  the   Keweenawan. 
term    * 'Keweenawan"   should   include  tubstantially    all  of  the   area^  which  hare 
thus  mapped,   or   mapped   as  Nipigon.   by  the   Canadian  and   United   States  Su: 
and  the  State  Surveys  of  Michigan.   Minnesota  and  Wisconsin. 

Below    the   Keweenawan   is   the    Huronian    system,    which    in   our    opinioa 
include  the  following  series :   In   the  Marquette  district,   thio  Huronian  should      ; 
the  Upper  and  Lower  Marquette  series,  as  defined  in  the  monographs  of  th^ 
States   Geological   Survey,  or  the    Upper.     Middle,   and    Lower    Marquette  ^^^ 
given    in   the   previous   paragraphs.     In   the   Penokee-Gogebic   district,   the 
pli.»uld  include   the  series  which   have   been   called   the  Penokee-Gogebic  sen* 
ai.vl  tho  liinostono  and  quartzite  wliich  have  local  development,  and  which 
fa<t   oi  tho   Prov«|UO  L<le   river.     In  the  Mosabi  district,  the  Huronian  shot 
thf  MovaM  sorios  proper,   and  tho  si. -it  o-gr  ay  wacko-conglomerate  series,  un< 
lo\.w    tho   Mo>abi   sorios.      In    the    Vormilion   district,    tVie   Huronian   she 
iho    Knifo  sl;Uo<   and    tho    (^ishko    oongloniorates.      In    the  Rai^y    ^*^® 
Huronian    should   inoludo   that   part   of   the  Couchichiivg;   oi  ^^«  ^^^\^\ 
lake   which  is  liniitod   bolow   by   basal   ix^nglomerate    as     ^Vionfti  at  Sho^  ^^^ 
Thundor  Hav  district,  tho  Huronian   should   include    tVx^  -^^^^^^^* v*  Hut^  ^ 
series  in   tho   T.ivn   lako  area.      In   tho   original   Huroix\^,v  *^®**  ^  ^  ^\,  '^^ 
include  the  aroa  niappinl  !\v   T.ogan   and   Murray   as     ^^xxtof*^^*'^' 
?nlon    grivnstonos    ^houhl   probably    bo    excluded.     ^  ^^  "K^wt-*, 

Unconformably    bolow    the   Huronian    i»^    ^^^^^  ^*^^^>^\i;?l^N^*    *  vVieVr  «v«^«j 
the  rocks  so  defined   for    tho    Lako    of    the    \\oi^s  ^jj^te*  *^ 
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lisre  the  Eitchi  And  Mons  ecbists  of  the  Marquette  district  (Mareniscan)  oi  the 
nok«a-Gogebic  district,  the  greenstone  series  of  the  Mesabi  district,  the  Ely  green- 
MMa  Mid  Boadan  formation  of  the  Vermilion  district,  the  part  of  the  area  mapped 
Keewatin  by  Lawson  in  the  Kainy  lake  district  not  belongong  structurally  with 
B  Couchiching,  and  probably  the  ThcesaloD  grenstone  series  on  the  north  shore  of 
iIeo  Huron,  to  be  equivalent  to  the  Eeewatin  of  the  Lake  of  the  Woods,  and,  so  far 
tluB  is  true,  they  should  be  called  Keewatin. 

For  the  granites  and  gneissoid  granites  which  antedate,  or  protrude  through,  the 
Mw«tui,  and  which  are  pre-Hurenian,  the  term  "Laurentian"  is  adopted.  Id. 
rtsun  cases  this  term  may  also  be  employed,  preferably  with  an  explanatory  phrase, 
r  associated  granites  of  large  extent  which  cut  the  Huronian,  or  whose  relations 
tba  Haronisn  cannot  be  determined. 
The  following  succession  and  nomenclature  are  recognised  and  adopted : 
Cambbuk — Upper  GsndstoneB,  etc.,  of  lake  Superior. 

Utieonformity 
Pbi-Caiibbum 

Keweenawan  (Nipigon)' 
Unconformity 

i  Upper  (Animikie) 
Unconformity 
.   Middle 

IUnconformitj/ 
Lower 
Uneonformitj/ 

Eruptive   contact 
Laurentian 
Alphabetically  signed  by  the  committee  as  follows: 

Frame    D.    Adams, 
Robert   Bell, 
A.  C.   LaN8, 
C.  K.  LEirH, 
W,   a.  MiLLEB, 
Charles  R.  Van  Hisb, 
— .-_,_^  Special  Committtt 


iMke  Superior  Region. 


Ds  dJMenii  ■■  to  tbe  position  of  the  KevMnawan  as  follows 

,^-ii«  B»r^  ™    Pr^tJambrisn   aboTe   does  not  Imply  nnanlnjlly  In  the 

^"^tl"^™  oorrelatlon   ol  tbe  Keweenawaii— a  topic   the  oommlttea 
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BIBLIOGRAPHY  OF  THE  REGION 

For  the  convenience  of  those  who  may  be  interested  in  the  subject,  I  give  the 
following  lift  of  the  literature  already  published  on  the  Michipicoten  Huronian  arei 
or  on  the  region  adjoining: 

Report  of  tho  Geological  Survey  of  Canada  for  1846>1847,  in  which  Logan  describe! 
the  conglomerate  at  tho  mouth  of  the  Dore  river  and  the  sandstones  at  Cap  CboyyoD 
and  Cape  Oargantua  (p.  31).  In  it,  also,  Murray  has  some  notes  on  the  Michipicoten 
river. 

Lake  Superior,  its  Physical  Character,  Vegetation  and  Animals;  Louis  Agassiz, 
1850. 

Report  of  the  Geological  Survey  of  Canada,  1863,  in  which  the  Huronian  slates  dt 
the  Dore  river  are  described  (p.  52),  sandstones  of  Cape  Gargantua  considered  (p.  82), 
and  the  native  copper  of  Cape  Gargantua  and  a  deposit  of  chalcopyrite  on  Michipi- 
coten bay  mentioned  (p.  703). 

Report  of  the  Geological  Survey  of  Canada*  1866^  in  which  Macfarlane  describes 
the  Lake  Superior  rocks  and  the  occurrence  of  hematite  at  Little  Gros  Cap  (p.  130). 

Report  of  the  Geological  Survey  of  Canada.  1870-1871,  in  which  Robert  Bell  des- 
cribes the  Pic  and  White  rivers,  and  the  geology  of  {he  surrounding  country. 

Report  of  the  Geological  Survey  of  Canada,  1875-1876.  In  this  report  Robert  Bell 
gives  some  notes  on  the  Michipicoten  river    (pp.  331-335). 

Report  of  the  Geological  Survey  of  Canada,  1876-1877,  in  which  Robert  Bell  give* 
a  description  cf  the  rocks  of  the  Lake  Superior  shore  from  Gros  Cap  to  Cape  Gar- 
gantua (p.  218). 

Report  of  the  Geological  Survey  of  Canada,  1880-1882.  Here  Dr.  Bell  gives  an 
account  of  the  rocks  of  the  Michipicoten  river  and  of  Dog  lake,  accompanied  by  a 
geological  map. 

American  Geologist,  vol.  xx.,  p.  126.  etc.  An  article  by  Taylcr  in  which  he  con- 
siders Dog  lake  not  an  outlet  of  Lake  Superior. 

Minnesota  Geological  and  Natural  History  Survey,  vol.  xx.  Notes  by  Lawson  oti 
the  beaches  at  Dog  river. 

Bulletin  Donnison  University,  vol.  ii.  Geclog.v  and  Lithology  of  Michipicoten  bay, 
with  four  plates  by  Hcrrick,  Tight  and  Jones. 

Ontario  Bureau  of  Mines  Report.  1897.  vol.  vii.,  part  2,  pp.  184-200.  Michipicoteir 
Mining  Division,  by  A.  B.  Willmott.  1898.  in  which  the  Magpie  and  Michipicoten  river* 
are  described,  accompanied  by  a  geological  map. 

Summary  Report  of  the  Geological  Survey  cf  Canada  for  1898,  which,  contains 
an  account  by  Robert  Bell,  of  the  survey  and  geological  operations  carried  out  by  him- 
self and  by  his  party  during  the  season  of  1898. 

Report  Ontario  Bureau  of  Mines,  vol.  viii.,  part  2,  pp.  121-174;  The  Copper 
Regions  of  the  Upper  Lakes,  by  A.  P.  Coleman,  in  whiich  Coleman  describes  a  trip 
made  by  himself  along  the  Lake  Superior  coast.  A  journey  from  Brenner  Station  on 
the  C.  P.  R.  via  tho  Brenner  river  and  the  Pucaswa  river  to  Lake  Superior,  and  a 
trip  made  by  Professor  Willmott  from  White  River  station,  via  the  White  river  and 
Dog  river  to  Lake  Superior:  1899,  accompanied  by  a  geological  map. 

Suminarv  Koport  of  tho  Geological  Survey  of  Canada,  1901.  Contains  an  account 
descriptive  oi  further  work  carried  out  by  Robert  Bell  in  Michipicoten. 

**Tho  Michipicoten  Huronian  Area,"  A.  B.  Willmott.  The  ''American  Geologist  " 
vol.  xxviii.,  July.  liXH,  p.  14.  etc.,  in  which  the  eruptive  relation  of  the  granites  is 
pointed  out   and  a  map  given  showing  tho  northern  iron  range. 

Report  of  the  Ontario  Bureau  of  Mines,  vol.    xi.,  1902,  pp.  152-185.     "The  Michi- 
picoten  Iron   Range."   by  A.  P.  Coleman  and  A.  B.   Willmott.       The  writers  give  here 
a  detailed  description  of  tho  eastern  Michipicoten  Iron  Range. 

Journal  of  the  Canadian  Mining  Institute,  vol.  vii.  ''Exploration  of  the  Ontario 
Iron  Ranges."  by  A.  B.  Willmott,  in  wliich  Willmott  considers  the  possibilities  or 
some  of  tho  prospects  in  the  Michipicoten  Iron  Range. 

"Tho  Nomenclature  of  the  Lake  Superior  Formations,"  bv  A.  B.  Willmott.  Journal 
of  Geology,  vol.  ix.  (1902).     No.  1,  p.  67,  etc. 

Report  of  Ontario  Bureau  of  Mines,  vol.  xi..  1902,  pp.  70-75,  by  D.  Q.  Boyd, 
Inspector.     A  statistical  report  of  the  development   in  Michipicoten.' 
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PHYSIOGRAPHY  OF  THE  AREA 

As  has  boon    montioiied,  our    especial    work    during    tha    summer  of  19Q4  was  an 

examination  of  all  iron-bearing  rocks  occurring  west  of  the  Magpie  river.     HoweveTj 

to  elucidate,  if  possible,  the  problems  relating  to  these  rocks,   the  general  geology  of 

the  region  was  studied  somewhat  in  detail  and  the  physiography  ralEer  superficial!/ 

examined. 

The  topography  of  the  region  b  one  of  considerable  variety,  and  that  character- 
istic of  the  more  rugged  and  less  levelled  phase  of  the  old  Laurentian  peneplain  o.^ 
central  Canada.  Along  the  shcore  of  Lake  Superior  high,  hummocky,  ridge-like  hill» 
rise  often  abruptly  from,  the  water's  edge.  This  rugged  shore  line  la  interrupted  at 
intervals  by  broad  sand  beaches,  which  break  the  monotony  ol  the  precipitous  cliff'i. 
I.'he  highest  hills,  and  those  of  greatest  relief  above  the  surrounding  country,  lie  within 
twelve  miles  of  the  Lake  Superior  shore.  Northward,  the  uneven  broken  character  of 
the  country  decreases  rather  than  increases,  hills  rising  to  considerable  heights  above 
the  general  level  of  the  country  are  fewer,  and  their  relief  not  so  great  as  farther 
Bouth.  Moreover,  whereas  there  is  a  somewhat  rapid  rise  from  the  Lake  Superior 
afaore  of  the  general  level  of  the  country  for  several  miles  inland,  northward  the  rise 
t«/wards  the  height  of  land,  between  the  waters  of  the  St.  Lawrence  and  those  of 
Budson  Bay,  is  so  slight  as  to  be  scarcely  perceptible  on  the  various  rivers. 

A  Region  of  Hills  and  Valleys 

In  general  the  surface  of  the  country,  with  its  broken  ridges,  alternating  with 
narrow  linear  valleys,  may  be  spoken  of  as  hilly.  It  stands  in  marked  contrast  to  the 
surface  of  the  Laurentian  plateau  north  of  the  Height  of  Land,  which  is  practically 
level  and  devoid  of  relief.  Some  distance  north  from  the  lake  Superior  shore  the  soft 
Huronian  schists  are  conspicuous  physiographically  as  forming  relatively  low  lands 
compared  with  the  highlands  occupied  by  the  resistant  post-Huronian  granitic  rocks. 
This  difference  is  not  so  apparent  on  the  Lake  Superior  shore,  but  it  is  nevertheless 
evident  in  places.  In  going  north  from  Ellen  lake,  I  was  particularly  struck  with  this 
marked  physiographic  difference  between  the  schists  and  the  granitic  rocks.  Nor  tit 
from  Ellen  lake  for  about  three  miles  the  rocks  consist  of  granite.  Near  the  northern 
limit  of  these  rocks  the  hills  abruptly  descend  to  a  broad  valley  four  or  five  mik*8 
wide,  beyond  which  the  hills  rapidly  rise  again  at  the  border  of  the  northern  granitlo 
rocks.  The  valley  contains  the  northern  Michipicoten  Huronian  synclinonium  with 
:t&  associated  iron  range. 

The  highest  hills  in  the  Michipicoten  area  have  an  altitude  of  from  ten  to  twelve 
hundred  feet  above  sea  level,  and  a  view  from  the  summit  ci  any  of  these  shows  that 
almost  all  the  other  hills  rise  to  the  same  general  height.  This  uniform  altitude  indicates, 
apparently^  the  existence  of  a  former  peneplain,  or  base-level  of  erosion,  which  has 
teen  elevated  since  its  formation  and  is  at  present  undergoing  another  cycle  and  being 
reduced  to  a  second,  or  possibly  third,  base-level  of  erosion  by  the  comparatively 
rspid   action  of  streams,  frost,  heat  and  other  atmospheric   agencies. 

Tip-Top  mountain,  which  Dr.  Coleman  considers  possibly  the  highest  point  in  tht) 
iVovince  of  Ontario,  lies  almost  seven  miles  west  of  the  lake  Superior  shore  and  about 
Un  miles  north  of  Otter  Head.  Its  height,  as  given  by  Dr.  Coleman,  is  1,525  feet 
above  lake  Superior,  or  2,125  feet  above  sea  level.4  High  ridges  of  hills  occur  north 
of  Ganley's  Harbor,  north  of  Lost  lake  towards  the  Pucaswa  river^  along  the  eastern 
branch  of  the  Pucaswa,  in  the  vicinity  of  Bear  Mountain  and  at  various  other  points. 

Within  the  limits  of  the  northern  Michipicoten  Huronian  area  proper  the  highest 
hiUs,  which  stand  out  very  definitely  in  this  generally  low-lying  region,  consist  if 
eruptive  rocks  entirely,  or  at  least  have  a  core  composed  of  these  rocks,  or  otherwise 
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tliey  are  coniposi^ij  of  the  reEistant  quartxosc  rocks  of  the  iron-bearing  forniatioa- 
Tho  most  prominent  elevation  in  this  mirtlicrn  part  of  the  Huronian  area  is  that  or 
the  Kaboniing  hills  a  low  nuige  which  fullows  along  tile  northern  shore  of  KabenuD^^ 
lake  for  a  little  over  a  mile,  Thc^e  hills  have  probablv  an  altitude  above  Lake  SuporioK- 
nf  about  1 ,200  feet,  but  the  local  relief  very  little  exci-eds  350  feet,  if  so  great.  Hearc^ 
mountain  on  the  shore  of  Hoart  lako,  about  250  feet  above  the  surrounding  oountrj, 
and  mount  Raymond  about  300  feet  above  the  waters  of  Paint  lake,  near  which  it  !s 
situated,  are  other  conspicuous  points  on  the  landscape.  These  pi'ominent  elevations 
with   many  others  ma;   lie  spoken  of   as  monadnocks.  or  hills  still   standing   above  th<* 


KishiiiL'villap'.  Mic-hi[,i,'ot..n  i?laii,l, 
t;cncriil   IpvoI,    ivhich    have   been    slilo   to    nviist    thy   loJig-coutinued   subaerial    erosion. 
,ln   many   parts  of  the  country  broad  Infiistrine  snndplains.  or  fairly  eitensive  swamps 
and   mu^keg^;,   intrrvene   bftvii'cn   the   stretches   of   hilly   country   and   break   the   usual 
uneven  (.hiiratti-r  of  the   region. 


is   ilia 


Rivers  of  the  District 

iiujiiiTOU:.  streams  and  rivnkt;  which  thread  their  way 
fioiii  liikc  to  Uikr>,  siiiiietiiiics  almost  staftnant  for  a  mile  or  more,  again  wild  foaming 
Icjrrents.  niih  iiipids  over  beds  of  boulders,  or  waterfalls  over  cliffs.  The  largest 
stretinis.  in  the  we^tl■rn  mid  norlhern  Iluroninii  arciis,  are  the  Pucaswa  river  and  the 
Don  river,  n  liieb  enter  r.:ikc  Superior,  and  the  M.ifipie  river,  which  n^ws  into  the 
Miehipicolej!  river.  Oilier  ct.nsirlcrable  stre.inis  flonin.z  into  Lake  -Supericr  are  the 
Julia  river,  the  Pipe  river,  the  FlontinR  Heart  river,  the  Eagle  river,  Fall  creek,  the 
Bciir  river,  the  Liltlc  Hear  river,  and  the  l)ore  river.  Like  all  g'aciated  countries, 
'  the  recioii  is  thickly  dotted  with  lakes  varying  in  size  from  ponds  only  a  few  yards 
across,  up  to  sheets  of  water  fivo  miles  or  more  in  length.  These  natural  reservoin 
maintain  a  fairly  uniform  flow  of  wnler  in  tlie  various  streams,  throughout  the  year, 
tnoucb  of  ,mir«.  the  effects  of  dry  weather  or  i,icren-ed  rainfall  are  decidedly 
uD3orvah[e. 
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THE  PUCASWA 

The  PucBiSvi  river  was  deBcended^  bf  Dr.  Coleman  from  a  point  about  25  milea 
above  its  mouth  to  Lake  Superior  in  1898.  He  describes  it  ax  being  throughout  this 
diatance  a  particularly  difficult  stream  to  navigate,  being  merely  a  succesaion-  of  shallow 
mpids  broken  by  very  short  stretches  of  navigable  water.  Unlike  moat  of  the  rivers 
which  enter  Lake  Superior,  there  are  no  lake  oxp^nsionij  along  its  cciurse,  at  least 
ftr  S5  miles  from  its  mouth,  though  there  may  be,  farther  towards  its  source.  Frotn 
a  point  one-half  niilo  above  its  mouth  the  river  descends  some  55  feet  in  a  distance 
of  less  than  a  quarter  of  a  mile  in  a  roaring  cataract,  hemmed  in,  particularly  on 
the  north  aide,  by  walls  of  schist,  which  rise  two  to  three  hundred  feet  above  vhe 
rivor  bottom.  The  bed  of  the  stream  is  filled  with  immense  angular  boulders  which 
increase  the  broken  character  of  the  water.  Dr.  Coleman  describes  this  fall  of  55  feet 
as  being  the  highest  fall  in  the  course  of  the  river. 


In  mouth. 


Some  five  miles  above  its  inoUth  the  main 
tranob,  coming  from  the  northeast.  This  stream 
rise  of  the  nlain  rivor.  The  united  stream  bel< 
fifty  yards.     The  eastern  branch  rises  in  a   nu: 


Pucaswa  river  is  joined  by  the  eastern 
is  apparently  rather  more  than  half  the 
>w  the  confluence  has  a  width  of  about 
iibor  of  small  lakes  which  lie  south  of 
Fox  lake,  near  Pokay  lake,  and  about  ci|;ht  miles  north  of  Iron  lake.  The  eastern 
branch  has  a  length  of  about   thirty  milcps,   and  like  tho  main  river,  is  nothing  but  B 
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■nccession  of  shallow  rapide  and  low  falb  joined  by  abort  stretches  of  more  sloirl; 
moviug  watpr.  Neither  the  main  FueabWa  nor  it«  ^oBtern  branch  is  ever  now  tu«d 
a<  a  route  through  the  country  by  the  Indians,  though  it  is  said  that  they  were  nATi- 
gated  in  summer  lome  twenty  years  ago  or  more  by  a  family  who  bore  the  name  of 
Fucaswa  from  the  stream  on  which  they  lived,  and  who  were  all  drowned  in  cresting 
1 1  Hichipicoten  island  early  in  spring.  There  is  a  fairly  good  portage-tra<l  on  the  left 
bank  of  the  stream,  past  the  falls  near  Lake  Superior,  but  this  is  apparently  the  only 
sign  of  the  former  use  of  the  river. 


1  I'linii'w 


iiiotidi. 


A  small  stream  some  ten  miles  in  length,  which  enters  near  or  at  Otter  Core, 
r-ses  near  the  Pucaswa  river,  and  is  still  used  by  the  Indians  in  entering  the  country. 
The  stream  joins  tc^ether  a  number  of  small  expansions,  the  portages  between  whicb 
arft  short,  and  there  is  only  one  long  carry  of  about  tii^o  miles  from  Otter  Cove  to  tiis 
fint  lakelet. 

Some  two  and  a  half  miles  southeast  of  the  mouth  of  the  Pucaswa,  the  Julia 
river  enters  Lake  Superior.  It  is  a  small  rapid  stream,  only  six  or  seven  miles  in 
kngth,  which  rises  in  some  small  lakes  and  ponds  to  the  northeast  of  its  mouth.  Tho 
Pipe  river,  which  enters  Lake  Superior  about  seven  miles  southeast  of  the  Julia  river, 
^M  a  length  of  about  six  miles,  and  drains  a  number  of  lakes  one-half  mile  or  more 
in  length.  These  lakes  form  part  of  the  canoe  route,  from  Red  Sucker  harbor  to  th* 
David  lakes,  near  the  Pucaswa  river. 
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Floating  Heart  river,  which  flows  into  Lake  Superior  abcut  a  mile  and  a  half 
east  of  Ganley's  harbor,  is  the  largest  stream  between  the  Dog  river  and  the  Pucaswa. 
It  drains  Floating  Heart  lake.  Lost  lake,  and  the  lakes  lying  to  the  southwest  of 
lake  Michi-Biju.  Some  of  these  lakes  are  on  the  route  between  the  mouth  of  the 
Ghost  river,  via  Little  Trout  lake,  to  lake  Michi-Biju. 

Eagle  river  flews  into  Lake  Superior  just  west  of  the  high  cliffs  known  as  '^Les 
Fquerres,"^  and  about  eight  miles  west  of  the  mouth  of  the  Dog.  The  river  drains 
Cameron  lake  and  other  lakes  south  of  lake  Michi-Biju,  and  is  not  navigable.  About 
a  mile  above  its  mouth  are  falls  of  great  beauty,  which  occur  in  a  succession  of  thrca 
jumps  close  together,  each  of  about  thirty  feet.  Fall  brook  is  a  small  rapid  stream, 
flowing  into  Lake  Superior  about  three  miles  west  of  the  Dog  river. 

DOG  RIVER 

The  Dog  river,  which  has  an  average  width  of  rather  less  than  seventy -five  yards 
near  its  mouth,  is  navigable  from  its  headwaters  to  Lake  Superior,  though  broken 
by  considerable  stretches  of  rapids.  It  may  be  said  to  be  formed  by;  the  union  of 
several  small  streams  which  enter  Obatonga  lake,  an  irregular,  marshy  sheet  of  water 
lying  some  twenty-seven  miles  north  of  Lake  Superior.  Leaving  Obatonga  lake,  after 
a  course  of  about  one-half  mile,  on  which  there  is  a  rapid  which  has  to  be  portagedi 
the  river  enters  Knife  lake.  This  lake,  which  is  some  three  miles  long,  the  river 
leaves  at  its  southern  end,  and  after  a  course  of  less  than  a  mile,  enters  Heart  lake. 
There  are  two  portages,  the  most  northern  of  which  is  only  a  lift  between  Knife  lake 
and  lake  George.  Heart  lake  is  a  narrow  sheet  cf  water  about  a  mile  and  a  half  long. 
From  its  outlet  to  Lake  Superior  the  Dog  river  is  broken  by  many  rapids  and  falls. 
These  are  short  and  unimportant,  and  do  not  seriously  impede  navigation  as  far  ns 
the  mouth  of  the  stream  from  Ekinu  lake,  but  south  from  this  point  their  frequency 
and  length  form  a  great  impediment,  and  render  the  route  by  Ekinu  lake.  Mud  lako 
and  lake  Michi-Biju  the  preferable  one  to  Lake  Superior. 

The  most  important  tributary  of  the  Dog  river,  from  the  west,  is  Iron  creek, 
which  enters  the  river  about  three  miles  below  Heart  lake,  and  drains  Iron  lake.  Little 
Beaver  lake,  Sigami  lake,  Nichols  lake,  and  others.  Joining  the  Dog  river  from  the 
east  there  are  three  principal  tributaries,  the  Crayfish  river.  Paint  creek  and  Moun- 
tain river.  The  Crayfish  river  enters  the  Dog  river  between  Knife  and  Heart  lak<>'i, 
and  drains  the  important  chain  of  lakes  which  includes  Kabenung  lake,  Lac  Poisson 
Gris,  and  Muskrat  lake.  Paint  creek  flows  into  the  Dog  river,  some  two  miles  below 
Heart  lake.  It  is  navigable  for  three  miles  above  its  mouth  as  far  as  the  Frances  mine, 
&nd  drains  Paint  lake,  Sage  lake,  Skunk  lake,  and  other  lakes  lying  to  the  south  of 
Sage  lake.  The  Mountain  river  flows  into  the  Dog  about  five  miles  above  its  mouth. 
It  is  a  rapid  stream,  seldom  used  by  the  Indians,  and  drains  Jimmy  Kash  and  adjoining 
lakes. 

The  Mountain  Ash  river,  the  Bear  river,  and  the  Little  Bear  river,  are  three 
small  and  unimportant  streams  which  drain  the  rocky  interior  between  the  Dog  river 
and  the  Dor^  river.  The  Dor^  river  is  formed  by  the  union  of  a  number  of  small 
streams  which  rise  in  lakes  south  of  ]Muskrat  lake  and  from  eighteen  te  twenty  miles 
north  of  Lake  Superior.  Some  three  miles  from  Lake  Superior  is  Dor^  lake,  an  almost 
round  body  of  water  about  two  miles  from  north  to  south.  Below  Dor^  lake  a  con- 
tinuous succession  of  falls  and  rapids  render  navigation  impossible.  Above  Dore 
lake  for  some  three  or  four  miles  the  travelling  on  the  river  is  easy  and  without 
strious  impediment.  Northward,  however,  rapid  after  rapid,  unrelieved  by  long 
stretches  of  smooth  water,  make  it  a  very  difficult  route  to  Sage  lake,  though  it  is 
s  .metimes  followed  by  the  Indians,  and  was  descended  by  Mr.  Evans  late  the  past 
autumn. 

6  Pronoonoed  by  the  natives  ^'DesEcdres." 
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THE  MAQPIE  RIVER 

The  Magpie  river  rises  in  Esnagami  lake,  north  of  the  Canadian   Pacific  railway, 
end  after  a  course  of  some  fifty  miles,  it  enters  Michipicoten  river  about  three-quarters 
of  a  niilo  from  J^rike  Superior.     Near  its  mouth  its  usual  width  is  from  fifty  to  eighty 
yards.     Southward  from  the  Chute  which  impedes  navigation  on  the   river   at  about 
three  and  a  lialf  miles  south  of  McKinnon*A  bridge,  the  river  is  broken   by  long  and 
almost  continuous   stretches  of   shallow   rapids.        These   are  not  sufficiently  large   tt* 
prevent  travelling  by  Cv^noc.  but  arc  oft<m  difficult  to  pass  in  low  water  though  almost 
obliterated  in  seasons  of  flood.     During  this  stretch  there  are  three  falls  of  magnitude. 
One  is  at  the  mouth  of  the  river,  and  has  a  drop  of  113  feet.     The  second  series  o' 
falls  have  a  drop  of  73  feet,  and  break  the  river  some  two  miles  above  its  mouth,  and 
the  third,  the  Steep  Hill  falls,   with  a  drop  of  60  feet,  are  about  sixteen  miles  fro'.n 
the  mouth.     Above   the  Chute  long  stretches    of  smooth   water,   often    lake-like,     ;re 
broken  by  small  and  easily  passed  rapids  as  fas  as  the  Portage  falls  some  three  milos 
above  McKiniion's  brid7e.     For  six   miles  above  the  Portage  falls  the  river   meanders 
through  a  sand-plain  and  no  rapids  occur.     Then  the  smooth  water  is  broken  by  over 
two  miles  of  rapids     Kabetachewan  or  Long  rapids.     North  of  Long  rapids  extensive 
stretches  of  navigable  water  are  interrupted  by  only  short  rapids  and  falls  as  far  .is 
the  Canadian  Pacific  railwaj' — a  distance  of  about  eight  miles. 

The  Magpie  river  has  two  important  tributaries  from  the  west — Evans  creek  an! 
Catfish  creek.  Evans  creek  drains  the  chain  of  lakes  east  of  the  Grand  Portage 
between  the  waters  of  tho  Magpie  and  Dcg  rivers.  These  lakes  include  lake  Kapin- 
chigama,  Lund  lake,  lake  Pasho-scoota,  Godon  lake  and  Pyrrhotite  lake.  Catfish 
cieek  rises  in  a  number  of  small  lakes  lying  south  of  lake  Maguire,  and  enters  the 
Magpie  river  about  ten  miles  above  its  mouth.  Some  three  miles  up  its  course  from  the 
Magpie  is  Catfish  lake,  an  expanse*  of  water  some  two  miles  in  length.  Below  Catfish 
lake  the  river  is  a  succession  of  shallow  rapids,  and  is  too  much  filled  with  driftwood 
to  be  navigable.  It  has  an  average  width  of  about  forty  feet.  Above  Catfish  lake 
for  some  three  miles  there  is  no  serious  impediment  to  navigation,  although  log  jams 
and  short  rapids  break  its  course  at  intervals.  Higher  up  the  river,  however,  rapi  1 
after  rapid.  aU  of  whicli  art'  shallow,  render  the  stream  a  very  difficult  one  by  which 
to  travel.  It  is  occasionally  used  by  the  Indians  in  high  water,  and  was  descended  hf 
the  writer  during  the  autumn   of  1904. 

It  will  l»o  soo'i  from  th's  brief  artrount  that  the  rivers  of  Michipicoten  are  rapid 
streams,  all  of  which  have  a  largo  average  drop  per  mile.  In  general,  however,  the 
average  d<»K(c»nt  pcM'  m'l<'  iiicroa^os  towards  Lake  Superior,  and  in  the  lower  part  is 
oHon  so  great  as  to  procliido  navigation  altojrethor,  whereas  in  the  upper  stretches 
lake  expansion,  or  slack  river  water,  render  that  part  of  the  various  streams  quite 
suitable  lor  tn)v(^l.  Tlio  Mafipio  fr' in  iho  Canadian  Pacific  railway  to  Lake  Superior 
has  a  descent  of  some  ooO  foet,  and  of  this  quite  190  feet  occurs  within  the  last  two 
miles  and  a  half.  Similarly  the  Dog  river  has  a  dosc^-^it  from  McMaster  lake  (in  which 
one  of  its  hoadwator  streams  rises)  to  Lake  Superior  of  about  780  feet,  and  of  this 
175  ftK>t  occurs  within  the  last  two  miles.  The  main  branch  of  the  Pucaswa,  accordirg 
to  Dr.  Coloman.7  has  a  dcwscent  of  575  feet  from  a  point  some  25  miles  up  its  course 
to  Lake  Si'pci'ior. 

Lakes  of  Michipicoten 

As  has  already  been  mentioned,  lakes  are  common  physical  features  in  Michi- 
picoten. They  are  of  two  types — those  which  occupy  rock  basins,  the  outlet  of  whicli 
is  dammed  by  rock  lcd<zos  or  by  moraines,  and  those  which  fill  holes  in  the  drift  form- 
erly occupied  by  masses  of  ice,  left  by  the  retreating  ice  sheet.  Of  these  two  classes 
the  first  is  nnicli  the  most  important,  and  to  it  belong  all  the  larger  lakes  in  the 
region,    including    the  river    expansions.      To    the    second    class    belong   the   numerous 

7  Eighth  Rep.  Bur.  Mines,  1899,  p.  138. 
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poads.  scldoii  e\c(e<liiiz  une-half  mile  in  lent^th.  which  dot  the  lew  level  stretches  in 
the  wooded  interior  of  the  countr;. 

The  Urgest  lake  in  the  Michipicoten  area  n-est  of  the  Magpie  is  Eabenung  lake, 
n  sheet  of  water  some  seven  miles  iu  length,  and  with  a  maximum  width  of  about  twj 
triles.  It  is  of  exceedingly  irregular  outline,  like  all  the  lakes  in  Michipicoten,  anj 
is  divided  into  two  parts  by  a  narrows  a  few  yards  wide  and  less  than  ouo-eighth  of 
a  mile  long.  The  surface  area  of  its  wati-r,  owing  to  the  numerous  islands  which  occiir 
within  it.  is  much  smaller  than  most  lakes  of  its  dimensions.  After  Kabenung  laka 
the  lakes  next  in  size  are  lake  Michi-Biju,  and  Michi  lake,  which  are  joined  to  each 
C'ther  Ii;  a  small  stream  about  seventy'five  yards  long.  Michi-Biju  lake  is  some  twi> 
and  a  quarter  miles  long  by  a  mile  and  a  quarter  wide,  white  Michi  lake  is  about  u 
mile  and  a  half  long  by  three-quarters  of  a  mile  wide.  They  are  both  beautifully 
clear-watered  lakes   with  very   few  islands. 

Compared  with  the  country  north  of  the  HeiKht  of  Land  swamps  and  muske^i 
mparatively  rare,  but  often  the  smaller  lakes  especially,  and  even  some  lakes  of 


fair  size,  are  surrounded  by  wide  borders  of  marsh.  Again,  the  lakes  in  tl 
may  have  become  quite  insignilicant  or  have  disappeared  altogether,  and  a  v 
tt  grass-covered  meadow  be  all  that  remains  of  a  former  extensive  body  of  water. 
Most  of  the  lakes  are  shallow,  and  there  are  few  which  exceed  thirty  or  forty  feet  in 
depth.  Some  are  so  shallow,  such  as  Mud  lake,  near  lake  Michi-Biju,  and  the  Big 
Marsh,  near  lake  Maguire.  that  it  is  almost  impossible  to  get  through  them  by  canoe, 
especially  when  towards  ihc  rlose  of  the  short  season,  their  surface  is  choked  with 
patomogetons  and  pond  lilies  which  grow  in  the  decaying  product  of  their  own  decom- 

The  water  in  most  of  the  Michipicoten  lakes  is  brownish  in  color,  and  not  clear 
whitish  water.  There  ore  fwo  rather  remarkable  ponds  on  the  trail  from  Dog  river 
to  Iron  lake.  These  nre  Spring  lake  and  Clearwater  lake.  They  are  both  small,  bur, 
are  con-mrntively  drep  deprc-s-ens  in  (he  nlm-iiil  drift.  The  upper  pond.  Clearwater 
lake,  is  held  in  by  a  narrow  moraine  which  follows  its  eastern  border.     Their  wat«r 
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ia  of  remarkable  transparency,  and  is  possibly  lower  in  temperature  during  th(» 
summer  than  that  of  the  surrounding  lakes.  The  lower  pond,  Spring  lake,  has  a 
bottom  composed  of  rounded  cobbles  of  various  sizes,  coated  with  a  whitish  material, 
probably  in  great  part  vegetable,  which  enhances  the  bluish-white  coloring  of  the 
water.  The  outlet  of  the  two  ponds  is  by  Clear  creek,  which  enters  the  Dog  river 
«ome  four  miles  below  the  mouth  of  Iron  creek.  The  lakes  are  supposed  by  the  India  is 
to  be  springs,  and  though  I  could  find  no  direct  evidence  in  favor  of  this  hypothesis, 
the  large  size  of  the  stream  which  drains  them  compared  with  the  small  size  of  the 
c-ntering  streamlets  seems  to  give  proof  to  the  theory. 

Effects  of  Glacial  Action 

The  Michipicoten  region  \s  cne  of  pronounced  glaciation,  showing  on  the  whole 
greater  denudation  than  deposition.  The  rocky  hills  exhibit  the  mammillated  contours 
characteristic  of  regions  which  have  been  invaded  by  the  ice  sheets,  and  everywhere 
the  surface  of  the  sdid  rock  is  grooved  and  striated.  The  glacial  stride  vary  somewhat 
in  direction  throughout  the  area.  On  the  Lake  Superior  shore  near  the  Dog  river, 
the  usual  trend  is  fronii  S.  10°  W.  to  S.  15**  W.,  but  towards  the  interior,  especially 
in  the  northeastern  part,  the  direction  is  more  south  westward.  The  wide  sandplains 
which  are  of  frequent  occurrence  in  Michipicoten,  may  represent  the  deposits  formed 
by  the  waters  of  Lake  Superior  when  it  stood  at  a  higher  level,  or  possibly  they  are 
at  least  in  part  the  sediments  laid  down  by  lakes  formed  in  close  contact  with  the 
retreating  continental  ice  sheet.  Numerous  boulders  scattered  irregularly  over  hill 
and  valley  are  further  evidence  of  the  work  of  the  glaciers.  Well-marked  moraines 
of  various  kinds  are  common,  and  often  greatly  influence  the  drainage.  Somewhiit 
remarkable  are  the  immense  irregular  masses  of  coarse  moraine  stuflP  which  occur  on 
the  Mountain  Portage  between  Pokay  and  McMastor  lake,  described  by  Dr.  Robert 
Cell.s  The  elevated  beaches  marking  the  former  level  of  the  water,  which  fringe  tb? 
present  margin  of  Lake  Superior,  cften  for  miles  into  the  interior  and  at  considerable 
heights  above  the  present  level  of  the  water,  have  already  been  described  by  various 
wi  iters. 9  Remarkable  terraces  occur  near  the  lake  Superior  shu?-* ,  extending  from  a 
point  three  miles  east  of  the  mouth  of  the  Dog  river  to  a  short  distance  west  of  that 
stream .  Tlioy  can  bo  soon  to  best  advantage  some  two  or  three  miles  out  in  the  lak<» 
They  are  composed  of  fine  gravel  and  sand,  and  are  dii?tinct  and  clear  cut  in  outline 
Terraces  may  also  be  observed  in  the  lower  and  upper  parts  of  the  Dog  river,  and  jn 
the   Pucaswa  rivor. 

As  the  Michipicoten  di.-^triot  has  only  so  recently  been  inhabited  by  white  men, 
It  contains  few  ovidoncos  of  white  occupation.  On  the  western  side  of  the  Magpio 
there  is  a  small  settlement  at  Michipicoten  Harbor,  where  the  ore  docks  are  situated, 
f-nd  on  the  oastorn  side  of  the  rivor  there  are  the  settlements  of  Michipicoten  River, 
of  Wawa  City,  and  of  tlie  Helen  Mine.  Formerly  there  were  small  settlements  at  tha 
Fram  ov  mine  piuI  at  Iron  lako.  to  th<»  west  of  the  Mairpio,  but  these  are  at  present 
desorh'fl.  Tlio  lino  of  the  Alc^oma  Central  railway  is  at  present  built  as  far  as  the 
Josephine  mine,  witli  a  spur  to  the  Helen  mine.  There  is  a  good  road  from  Micbi- 
picot<'n  rivor  to  Wnwa  City,  and  to  the  railway  at  Wawa  station,  also  a  road  to  the  Grace 
mine,  to  Anjijiomi  lake,  and  to  other  points  near  Michipicoten  river,  built  befor? 
tho  cessation  of  wr  rk  on  thv*  Alp:oma  Central  railway.  The  old  tote  road  to  Ryerson. 
built  at  tho  time  of  tho  construction  of  tho  Canadian  Pacific  railway,  was  cleared 
out  and  improved  by  tho  Lake  Superior  Power  Company  in  1900,  and  though  not? 
practically  disused,  is  still  in  pretty  good  repair.  It  has  been  chiefly  used  in  winter, 
thoucrh  there  is  n-)  reason  why  it  could  not  bo  mad?  a  <Tood  summer  r'^ute.  It  lies 
on  tho  oastorn  sido  r)f  tho  Magpie  as  far  as  MacKinnon's  bridge,  where  it  crosses  flie 
river  and  follows  closo  to  tho  western   border  of  the  rivor   for  some  twelve  miles,  wh«ii 

8  Summary  Report  Geo!.  Snr.  Can.,  1900.   p.   120.  "  ' 

4om'  Oeol    Nat.  Hist.  Sur.  Minn..  20th  Annual  Report.     Eighth   Rep.  of  Ontario  Bureau  of  Mines. 
lo97(    p.    153(   etO. 
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t  diverges  and  strikes  across  country  to  Ryerson  on  the  Canadian  Pacific  railway. 
rfaere  are  old  winter  tote  roads  from  Michipicoten  Harbor  to  the  Frances  mine,  anJ 
rem  the  Frances  mine  toward  White  River  station,  but  these  are  scarcely  recognizable 
s  highways  throug,h  the  country  in  summer.  The  proposed  extension  of  the  Algoma 
lentral  railway  crosses  the  Magpie  a  mile  or  two  below  McKinnon's  bridge  and 
ollows  south  of  the  chain  of  Iake<s  which  stretches  between  the  Magpie  river  and  DoiS 
iver.  It  crosses  the  latter  below  Heart  lake  and  fellows  to  the  west  of  that  body 
f  water  and  of  Knife  lake,  northward. 

In    fact,  save  for   a  very   small  section  of  the   country   the  sole   means  of  travel 
hrough  the  region  in  summer  is  by  the  long  used  Indian  canoe  routes  along  the  rivers 
r  by  the  chains  of  lakes  and  portages;  while  in  winter  the  entire  area,  save  at  the 
ew  isolated  settlements,  is  given  over  to  the  Ojibway  hunters  who  still  roam  and  hunt 
hroughout  the  district. 

CANOE  ROUTES 

For  the  convenience  of  travellers  who  may  in  future  visit  the  Michipicoten 
rountry  west  of  the  Magpie  river,  I  shall  here  give  a  brief  description  of  the  principil 
outes  of  travel  throughout  the  area.  The  route  via  the  Magpie  river  from  Grassett 
:o  Lake  Superior,***  the  route  from  White  River  station  via  White  and  Dog  rivers  to 
Lake  Superior,  "  and  the  route  via  Bremner  river  and  Pucaswa  river  to  Lake  Super- 
icr,"  have  already  been  described,  and  it  is  unnecessary  for  me  here  to  consider  them 
rn  detail. 

Lake  Superior  to  Frances  Mine 

The  canoe  route  from  Lake  Superior  to  the  Frances  mine  leaves  the  shore  just 
behind  the  settlement  of  Michipicoten  Harbor.  The  trail  leaids  for  some  two  and  three 
(quarter  miles  over  low  hills,  through  a  wide  swamp  and  around  several  small  ponds 
which  may  or  may  not  be  utilized,  depending  on  the  state  of  the  water,  to  Dor^  lakd. 
The  Dore  river  is  ascended  for  some  three  miles  when  a  portage  leaves  the  stream 
on  the  right  bank  and  stretches  across  the  low  hills  near  Eagle  mountain  for  about 
two  miles  to  the  stream  which  flows  out  of  Molybdenite  lake.  In  high  water  thij 
Rtream  may  be  used,  but  as  a  rule  loads  are  carried  through  to  the  lake.  Molybdenite 
lake  is  an  irregular  body  of  water  a  little  over  a  mile  long,  which  the  route  leaves 
dt  the  north  end.  Nine  lakes,  all  small,  succeed  Molybdenite  lake.  They  are  separ- 
ated by  short  portages  varying  in  length  from  a  few  hundred  yards  to  over  half  a 
mile.  From  the  most  northern  of  these  lakes  a  good  trail  of  five  miles  leads  to  Kash 
lake.  Kash  lake,  or  perhaps  more  correctly  Jimmy  Kash  lake,  is  a  crooked  sheet  of 
water  over  three  miles  long.  A  small  stream  flows  into  its  northern  end  from  lake 
Isabella — a  round  pond  about  a  quarter  of  a  mile  in  every  direction.  From  the  north- 
west t'orner  of  lake  Isabella  a  good  portage  of  less  than  a  mile  and  a  half  leads  to  Lac 
la  Plonge,  whence  another  good  path  a  little  over  threi -quarters  of  a  mile  long  runs 
through  the  wo»J}  to  the  Frances  mine.  The  route  !»(»»n  Michipicoten  Harbor  to  the 
Frances  is  about  twenty-seven   miles  long,  and  of  this   less  than  half  the  distance  is 

I17  v«ter, 

Frances  Mine  to  Dog  River 

There  are  two  routes  from  the  Frances  mine  to  the  Dog  river — one  by  Paint  creek, 
ikhich  is  descended  from  Rawlinson  pond,  on  which  the  Frances  is  situated,  to  the 
Dog  river,  which  it  enters  about  two  miles  southwest  of  Heart  lake.  This  route  i< 
a  good  one  in  high  water,  as  no  portages  are  necessary,  but  in  low  water  it  is  not 
c«87,  and  several  short  carries  have  to  be  made.  The  other  route,  and  the  one  more 
UBually  followed  in  going  to  or  from  White  River  station,  leaves  Paint  creek  about 
A  quarter  of  a  mile  below  Rawlinson  pond,  and  strikes  northwestward  by  an  excellent 

to  Beveoth  Bep.  Bur.  Mines,  1897,  pp.  184  ft         u  Eighth  Rep.  Bur.  Mines.   1899.  p.   136.  etc. 
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portage  of  about  one  niik-  to  the  Dog  river.  In  high  water  the  porta);c  need  noi 
be  BO  long,  and  the  caiiuo  may  be  put  intfl  the  water  at  about  three-quarterB  of  ii 
mile  from  Paint  creek,  but  when  this  is  doue  a  sniull  carry  has  to  be  made  in  gUDj 
up  stream  un  the  rif;ht  bank,  which  is  avoided  by  tlic  longer  portage  acro^is  the  riser. 
The  piirta^jc  reBi;lieK  tlic  Dog  river  in  the  big  bend  of  the  stream,  a  quarter  of  a  nulc 
beiow  the  first  xmall  inpid  below  Heart  lake.  In  descending  the  Dog  river  without 
f!.oiiig  to  the  Frunci-s  nine,  the  entrance  of  the  portage  trail  to  the  Frances  is  not 
[•ss(>d,  as  thi'  portage  to  atnid  the  rnpids  in  the  b\^  bend  leaves  just  across  the  btT 
from  the  small  raiiid  abuve  iticntioned.  and  on  the  opposite  side  of  the  river  from  the 
FratitoH  trail- 


Tho  route  fn.iii  the  Fi 

]t:iv>id  of  the  Drowned, 
rather  leas  than  half  a  mil 
the  western  bank.     Thi'n- 


Frances  Mine  to  Iron  Lake 

IIIICI7S  mine  to  Iron  lake  is  in  part  by  the  Dog  t 


Just 


I'c'k  is  tb'>  Mnull  cliuti-  in  the  Dt«  riv->r  known  as  the 
iNtcdiati'Iy  above   the   first   rapid   below   this   chute  and  ;iv 

below  the  Itapid  of  the  Drowned,  the  portage  trail  leaves 
re  tbri'c  i>ortn(ri-s,   all   in   excellent  shape,   with  good  paths 


The  first  portage  is  a  little 
f   loMs;,  Mild  ii.ii(i,  iiiui  l'it<'!i   Pino  lake.     The  outlet   from   Pitch 
Pin"  biki'  into   Imn  ci'i-,.k    is   ollcn   shiilbm-,   and   a   siuirt   lift  is  soinetimee   made   h*i.' 

into  liiiii  .-ri'vk.      Ircvji  ,. 1,  i,  :is,-,.|irlfd  tiir  ii'ss  Ih.ui  u  hundred  yards  wlien  the  second 

j.ortuK"  )i-:u''.  tr.iiii  n  siniiH  s«;iiiiiiy  buy  on  tin-  wfsf  sid^.  The  second  portage,  les' 
than  'mi-liiiD  iiiili'  loim,  nmdiict^  the  tini—ll>T  into  ii  siiiull  clear-watered  pond  which 
is  crossed,  and  ibe  ibird  lionaRt  taken.  This  poitiit-e  is  sjiid  to  be  the  best  trnil  in 
Michipii-olen  district,  inid  i-  ;>  li-vi'l  that  «••  took  imr  lomls  ufroBS  it  iu  a  wlieclbarrow. 

It  is  nliriiit  tbi qiinrt.Ts  c,f  ii   irW-  ]i-vK.   and  leads  into  Iron   creek  rather   more  thai 

a  mile  below  the  bike  cil  tho  same  name. 

Iron    [like  i.s  n   bi>:iiiiiiiil  .'-bi'i't    nl'   hsiIit,   .-r.iiicwbat    li'ss     than   two  tnilea  long  and 
rouRhly  stelbilc   in   ^b:ipi',  lia.iiia   live  Jinmouuccd   :ir:ns— two    opening  to  the   cast  and 
l!l)l    M. 
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}  to  the  west.  Iron  creek  flows  out  by  the  southeastern  bay.  From  the  north- 
tni  bay  a  short  canoe  routf  ksds  by  8igami  oroek  and  Sigami  lake  to  Nichols 
Prom  thf  south wivittrn  bay  n  route  of  three  portages,  divided  by  two  Bmail 
Is — Cleatvatcr  take  and  Spring  Inkc,  may  bo  taken  to  thi'  Dug  river,  which  it 
bes  about  four  miW  and  a  half  bcluw  the  entrance  of  the  other  routo  to  Iron 
t.  just  dcHcribed,  This  is  the  usual  path  to  Iron  lake  taken  by  voyageurs  coming 
the  Dog  river  from  lake  Michi-Biju,  From  the  middle  western  bay  known  a!> 
inesota  bay,  a  trail  leads  a  little  south  of  west.  For  the  first  two  miles,  as  far  ai 
i  lake,  the  path  is  a  ^ood  one,  but  beyond  Dole  lake  it  is  not  easy  to  MIow,  though 
«  traccablo  with  somo  difficulty  ns  far  as  tht-  i^astcrn  branch  of  the  Pucaswa  river, 


Iron  lake. 

■at  nine  miles  west  of  Iron  lake,  and  is  said  tiy  the  Indians  to  lead  to  thj  shore  irf 
K  Superior.  From  the  fcot  of  the  northwestern  bay  a  trail  leads  to  several  small 
as,  and  at  the  point  where  Iron  creek  enters  Iron  lake,  n  short  and  easy  ronte  leads 
by  that  creek  and  its  expansions  t^i  Little  Heaver  take. 


Dog  River  to  l^ke  Mlchi-biju 


The  route  from  Dog  riier  to  lakv  Miibi-Biju  is  nov 
river  at  the  mouth  of  thi'  snmll  brook  enterintr  tl 
ct  a  mile  and  a  half  below  the  point  when'  the  lowe 
the  80uthw«'>t<<rn    bay  of   Iron    Inkc,      A    short   distaii 


(ieldom  used.  It  leaves  the 
e  main  river  from  the  west 
"  route  leaves  the  Dog  river 
.'e   up  thiti    brook   a    carry   is 
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made  past  a  fall  of  some  ninety  feet,  over  a  steep  hill  into  Ekinu  lake — a  narrow  shoet 
( F  water  rather  more  tkan  two  miles  long.  From  its  southern  end  a  portage  a  mile 
long  If  ads  through  a  new  brule  to  Mud  lake.  Mud  lake,  which  might  more  correctW 
be  called  a  marsh,  so  difficult  is  it  to  dig  one's  way  through  it  by  canoe  in  midsummer, 
is  about  three-quarters  of  a  mile  long.  At  its  southern  end  a  choice  of  routes  is  open 
to  t}i(*  traveller.  One  to  the  southwest  leads  directly  by  a  portage  of  two  and  a  quarter 
miles  to  ^fichi  lake;  the  other  is  much  more  roundabout,  though  with  shorter  portages 
find  is  by  several  small  lakes  and  streams  to  the  Goosefeather  river,  which  is  ascended 
*"*    Michi  lake. 

Lake  Michi-biju  to  Lake  Superior 

Thore  are  two  routes  from  lake  Miohi-Bija  to  Lake  Superior,  and  neither  of  these 
is  good  or  much  used.  One  leaves  a  bay  at  the  entrance  of  a  smal!  stream  and  leads 
by  a  number  of  small  lakes  connected  by  portages,  to  the  Floating  Heart  river.  This 
stream,  with  its  expansions,  is  descended  to  a  little  below  the  foot  of  Floating  Heart 
lake,  where  a  portage  leads  through  a  gorge  to  Cameron  lake.  From  the  southern  end 
of  Cameron  lake  the  route  leads  back  into  the  river,  which  is  descended  for  about 
one-half  mile,  when  the  portage  leaves  its  southern  bank.  The  trail  thence  is  by  a 
numbi'T  ot  small  Iako>  t»)  Lake  Supori*  r.  The  other  route,  and  the  one  more  generally 
used,  loaves  ^fichi  lake  by  a  small  stream  which  is  descended  for  a  little  more  than 
half  a  mile,  with  several  short  carries,  to  its  junction  with  the  Goosefeather  river, 
vhioh  i*.  a>rended  for  about  two  Aiiles.  J'or  this  distance  the  creek  is  shallow  in  low 
water,  but  as  a  rule  only  one  portage,  and  that  a  short  one  past  a  log  jam,  is  necessary 
ir  hi^h  water.  From  Goosefeather  river  a  chain  of  eight  small  lakes  and  nine  portage 
b'ad>  to  Lake  Superior,  the  route  entering  Dog  River  harlxr.  Only  two  of  th»;se 
jjortagps  are  long — the  first  and  fourth  from  Lake  Superior,  the  former  being  two  a.id 
thret-quarters  miles  long,  and  the  latter  rather  less  than  a  mile  and  a  quarter. 

Frances  Lake  to  Lake  Kabenun|2^ 

There  are  two  routes  from  the  Frances  mine  to  Kabeuung  lake.     One   is   by  tH^ 
Dog  river  to  Heart  lake.     From  the  north  end  of  Heart  lake  the  portage  taken  is  n^>*' 
that   one  by   lake  Gforpe.   but  along  the   Dog   river   itself.     The   Crayfish    river  entef  3= 
the  Dog  rivt-r  l^etween  Knife  lake  and  Heart  lake,   and  this  stream  is  ascended  aboiJ.'' 
a  quarter  of  a  mile  to  Crayhsh  lake.     From  the  ioot  of  a  long  narrow  bay  which  opeti. 
to  tin-  t*ast   of  Crayfish    lake,    a   g(X)d   portage  of  a  little  over   half  a    mile   leads   in.'t 
Kal»eniiTig    lake.      The    route  enters    the  northwestern   part   of  Kahenung    lake,    abo  "a^ 
one  mile   and    a   half   west  of  the   narrows.      In  high    wat-er   in   going   from    Kabenu"^:^ 
]  I  :o  to  the  Doi:   river,  the  Craytish    river,  which   is  rather   rapid,    is  sometimes   us 
1  ho  i»t}ior   route  Iron  the  F" ranees  mine  to  Kabenung  lake  is  taken  from   Paint  cr« 
.iiist    jsJ'.'Vo  Rawlinsoii  pond.     Here  a  portage  a  little  over  a   mile  long  leads  to  Pm 
lak'-.      !*;\iTiT    Ilk*'   and   Sago  lake  together   have  a  length  of   about  three  miles  aft. 
liali.  ^  ut  there  i<  a  >hort  stretch  of  river  in  between  the  two  on  which  two  unimpoi 
raj»i'i<  iM  i-ir.     Tho  t'H<tfrn  end  of  Sage  lake  is  divided  into  two  bays.     The  route 
lai'.:    !:tk  '  1'y  <o\ «  ral  lakes  and  portages  to  the  headwaters  of  the  Dore  river  1- 
l  y  :i.t   -.  "i'}.i  rn  ''-n  .  uliilo  from  a  point  about  half  way  along  the  shore  of  the  noi 
iay  a   \  ^  ry  -•..;:    juMtajie  loads  into  Skunk  lake.     Skunk  lake  is  a  small   dear-w- 
yo\.>\  a  !itt!o  iinwo  tlian   half  a  milo  long.      A  short   portage  leaves  it  from  the 
oay   at   its  n.^rtli  <  T..1.  and  falls  into  tlu*  soutliorn   part  of  Western  Kabenung  h 
.«t   tlio  liH^t    or    Hiii   inland. 

Lake  Kabenung  to  .Ma^ie  River 

The   roiito   nsiially    followo^^    from    Kabenung   lake   to  the   Magpie   river 
tiMMuT  body   of  wator   by   a   small   >troam.    known  as  Klmo  creek,  which  flowi 
eroitorn    side  of   a   bay  on   the  southern   side  of   Kastern    Ka1>enung   lake  abc:^^ 
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water  is  low,  a  carry  of  a  few  steps  has  to  be  made  just  at  the  entrance  into  Pyrrho- 
tite  lake.  On  this  route  the  portages  are  much  better  cut  out  than  on  the  northern 
and  longer  path;  but  it  is  seldom  uesd  by  the  Indians.  From  Pyrrhotite  lake  the 
route  to  the  Magpie  leaves  by  a  short  portage  on  the  western  aide  of  a  small  stream 
entering  at  the  southeastern  corner.  This  portage  leads  into  lake  Marian.  Lake 
Marian  consists  of  two  ponds,  each  about  half  a  mile  long,  joined  together  by  h 
narrows,  where  the  portage  is  usually  made  excepting  in  very  high  water.  The  rout« 
does  not  go  to  the  extreme  south  of  lake  Marian,  but  leaves  on  the  east  side  by  « 
narrow  sluggish  channel,  just  south  of  the  narrows.  This  channel  soon  expands  into 
a  round  pond,  from  the  south  side  of  which  a  portage  of  about  seventy-five  yards  leads 
to  Punk  lake.  From  the  southeastern  end  of  Punk  lake  three  portages^  separated 
by  two  ponds,  lead  to  the  Magpie  river,  the  fir.st  one  from  Punk  lake  being  about 
three-quarters  of  a  mile  long,  the  next  one  half  mile,  and  the  last  in€o  the  Magpie, 
a  little  over  a  mile.  The  route  reaches  the  Magpie  just  below  a  high  ridge  of  diabase, 
which  here  traverses  the  river  and  about  a  mile  above  McKinnon's  bridge. 

Missanabie  to  Magpie  River 

In  entering  the  country  whicli  we  had  to  examine  during  the  past  season,  we 
came  in  from  Missanabie  station  by  a  route  seldom  followed;  and  although  it  lies  on 
the  east  side  of  the  Magpie  river,  and  is  henco  outside  of  the  limits  of  this  report, 
still  for  the  benefit  of  those  wlio  may  attempt  to  follow  it  in  future  it  may  be  well  to 
give  a  short  account  of  it  here.  The  route  leaves  Dog  lake,  on  which  Missanabie 
station  is  situated,  about  nine  miles  from  the  railway,  from  the  foot  of  the  south- 
western bay,  just  opposite  tlw  deserted  houses  of  the  Kmily  mine.  The  first  portage 
leads  for  throe  miles  over  a  rough,  roc-ky  country,  for  the  most  part  burnt  clean. 
into  Jackfish  lake.  Jackfish  lake  is  of  extremely  irregular  shape,  having  long  arms 
.stretching  in  every  direction.  It  is  about  three  and  a  half  miles  long,  but  is  not  fol- 
lowed to  its  extreme  eastern  end.  A  stream  is  entered  on  the  northern  side  about 
two  and  a  half  niih\s  from  tlie  portage  to  Do.u;  lake,  and  is  ascended  for  about  a  mile 
through  its  various  nioanderings  into  Qu"i-k'i-jr(»<hick  lake,  a  small  lake  a  little  more 
tlian  a  mile  in  length.  The  route  leaves  it  about  half  way  down  ita  northern  side 
by  a  porta.ne  of  half  a  mile  wliich  leads  into  Twin  lake.  Twin  lake  consists 
in  roality  of  two  small  lakes  joined  together  by  a  stream  about  three  yards  lone, 
where  a  rapid  occurs  and  a  portap;e  is  nect'ssary.  The  route  leave.',  the  western  end 
of  t)u»  most  northern  of  the  lake*^,  and  n  shoi't  p<  rtag(»  is  made  .across  a  lake  terrace  into 
a  small  pond.  From  the  north  end  of  this  pond  a  short  portage  leads  into  a  second 
pond,  from  wliicli  n  trail  if  les*;  tli  in  half  a  mile  leads  acros.s  tlio  hills  into  Goodreau 
bke.  This  IxkIv  of  water  i^  extremely  crooked  and  ragged  in  shape.  From  a  small 
pouthwostorn  bay  a  route  may  be  foll()wed  to  the  headwaters  of  McVeigh  creek,  and 
from  itN  northwestern  bay  tlie  route  c  <s  to  the  Magpie.  The  portages  up  to*  this 
point  are  fairly  ^ood.  but  from  this  point  on  are  almost  impossible  to  trace.  Leaving 
<i«»iln'aii  lake,  three  shallow  ]»onds.  each  rather  less  than  half  a  mile  long,  follow, 
separated  by  >hort  portage^.  Frcmi  the  third  pond  .1  small  stream  is  descended  for 
about  half  a  mile,  and  a  porta'iv  taken  on  the  northern  bank  at  the  head  of  a  series 
of  falls.  The  portage  l(»ad^  over  roiiiib  rooky  hills,  through  a  treeless  country  for  half 
a  mile,  and  falls  into  a  >inall  izrasvv-bordered  pond  known  as  Paddy*s  lake.  The  next 
IN>rtaKe  leav»'x  ju^t  across  from  the  la'-t,  and  is  made  into  lake  Kamshogocka.  Lake 
Kanivlio^oika  is  tin-  <»nly  lake  of  any  size  on  the  route  other  than  Jackfish  lake.  It* 
shores  are  Inch  and  rocky,  and  the  M-enery  would  be  very  pretty  were  it  not  for  the 
nb<;ence  of  p:reen  timber.  The  lake  is  about  one  and  three-quarters  miles  long,  and 
lies  about  north  and  south.  The  nmte  enters  by  a  round  bay  on  the  eastern  sid^, 
Ftparated  from  the  main  lake  by  a  narrows,  and  leaves  at  the  north  end  by  Cradle 
creek,  formed  by  the  union  of  several  bnn^ks  entering  lake  Kamshogocka.  Cradle 
rieek.  a  small  .stream  of  about  ten  yards  average  width,  flows  into  the  Magpie  near 
the  point  where  that  river,  after  a  course  of  some  eight  miles  southward  from      Gra^ett 
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on  turns  to  the  west.  The  dist&nce  from  lake  Kamshoeocka  to  the  Hagpie  river 
^ftdle  creek  U  about  four  miles,  and  the  general  direction  of  the  Etream  is  about 
fa.  Eight  short  portages  are  necessary  between  the  lake  and  the  river,  none  of 
h  are  long.  In  general  the  route  from  Dog  lake  to  the  Magpie  river  is  a  poor 
and  ~s  only  suitable  for  small  canoes,  and  even  then   when   lightly  loaded. 


GENERAL  CONDITIONS   IN  THE  REGION 

In  general  the  forest  im  thti  north  shore  of  T<ako  Superior  in  northern  in  character 
differs  maferially  from   that  of  southern  Ontario.     It  is  characteristically  evor- 

a   rather   than   deciduous.      Unlike  the   forest   growth   on   the   rich   clay   river  flala 

ering  the  various  streams  north  of  the  Height  of  Land,  tor  the  most  part  it  !• 
healthy  and   luxuriant,   btit   RrowiuK  on   ^   rocky   or  light  sandy  soil,  and  exposed 

le  force  of  almost  unceasing  winds  from  Lake  Superior,  it  is  usual  to  find  the  tree* 
stunted,  knotty  character. 


The  Forest  Resources 


rhe    principal    foret^t    Irecj:    are 

rack    l/i'n>    AmfrimiKi  i.    ceiinr 

(littala    pn/ijiri/eiiii,      twfH-n 

Mwiiilferu),     and      llankt^lan 

'irilm).      (wtt    maple     ( '"*"■     r"l>i 


cp  (iiicM  iillii)  lilar-k  spruce  [iiicm  nigra) 
■iiieiilnHit),  lialrani  [hIm--  Imlfiiiiii-n),  white 
IHifiitli'*  Irriiiiuiiiiliv),  Iwlsfiin  poplar  (j>o- 
(HjijM  iHiiikniiiiiii.)  Sugar  maple  {acer 
mp     ehii      liilman     Aitifriiiinn),     black    aeh 
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ifraxinus  sanibucifolia)^  yellow  birch  {hetula  lutea),  white  pine  {pinus  strobus)j  and 
red  pine  (pinus  'resinosa)^  all  cccur  in  the  Michipicoten  area,  but  are  not  predominat- 
ing forest  trees.  Probably  the  best  red  and  white  pine  seen  was  on  Iron  lake,  and 
though  there  are  small  patches  of  these  valuable  trees  throughout  the  area,  it  is  never 
ID  large  enough  quantity  nor  sufficiently  good  to  be  valuable  as  timber.  Stunted  red 
mapli*  may  be  seen  on  nearly  all  the  high  hills,  but  sugai  maple  is  not  so  c*oniinonly 
distributed.  Clumps  of  fairly  large  trees  occur,  however,  in  shallow  hollows  between 
the  hills  at  several  points  on  the  west  side  of  the  Magpie,  notably  just  north  of  Maple 
lake,  about  a  mile  west  of  David's  lakes,  and  near  Maiden's  Leap  mountain  on  the 
south  shore  of  lake  Michi-Biju. 

Very  little  of  the  timber  in  the  area  will  be  useful  for  lumber,  though  there  «> 
much  that  will  be  valuable  as  pulp  wood.  The  broad  sand-plain  which  borders  the 
Pucaswa  river  near  its  mouth  is  covered  with  a  healthy  growth  of  spruce.,  birch  and 
f oplar.  There  is  a  stretch  of  very  good  forest  westward  from  Cameron  lake  north 
of  Lofit  lake  to  Maple  lake,  and  also  southward  and  southwestward  from  Ift>n  lake. 
The  timber  around  Kabenung  lake  and  across  the  Grand  Portage  is  poor,  though  it 
appears  to  improve   in  character  southward   and  southeastward  to  the   Magpie  river. 

The  common  shrubs  of  the  area  include  many  species  of  willow  isalix)^  mountain 
maplo  idcrr  Pcnnsylvanicmn)^  white  alder  {alnus  incnna),  green  alder  {alnus  viTidi$)i 
red  cherry  (pniniis  Pennsyh^anira),  choke  cherry  (pruwus  Virginiana),  mountain  ash 
(pyrns  Americana)^  service  berry  {ameJnnehicr  Canadensis),  hazel  {corylits  Americana), 
and  junipcT  (junipervs  communis).  Hawthorn  (craftpgus  coccinca)  is  rare,  but  is 
found   at  several  points. 

Like  most  parts  of  Northern  Ontario,  great  stretches  of  the  Michipicoten  area 
have  been  swept  of  thoir  timber  by  forest  fires  which  devastate  parts  of  the  country 
almost  every  year.  It  is  unfortunate  that  nothing  can  be  done  to  lessen,  if  not  stop 
entirely  these  annual  ravages,  because  though  the  timber  of  the  Michipicoten  is  noi 
as  valuable  as  that  of  other  more  favored  localities,  still  much  of  it  will  be  required  for 
local  use  by  tho  vnrioiis  mines,  which  I  feel  confident  will  in  the  future  open  alon^j  the 
iron  ranges,  even  if  comparatively  little  is  fit  for  export.  By  far  the  largest  burned 
area  is  the  iniiTiense  stretch  which  extends  south  from  the  Canadian  Pacific  railway. 
The  northern  boundary  of  this  fire-stripped  tract  may  be  said  to  be  an  irregular  line 
extending  from  a  point  about  two  miles  north  of  Iron  lake  on  the  west  to  a  point  on 
the  Magpie  river  about  three  miles  north  of  McKinnon*s  bridge.  On  the  east,  south 
cf  McKinnon's  bridge,  there  are  wide  areas  along  both  sides  of  the  Magpie  deprived  of 
their  timber  a^  far  south  as  the  mouth  of  Catfish  creek.  There  are  patches  of  brule 
on  Iron  lake,  at  the  southern  end  of  Mud  lake,  and  westward  to  Miron  lake,  an  una 
tho  Fran(ON  iii«tu\  at  the  wostt>rn  end  of  Paint  lake,  on  Heart  lake,  on  Kabenung 
lake,  and  at  many  other  places.  Most  of  th<»se  areas  were  apparently  burnt  over  some 
years  a^o.  a^  alro-xly  in  many  places  a  healthy  growth  of  young  trees  has  started. 

Soil  and  Climate 

Compared  with  tlie  ricli  clay  soil   foimd   north  of  the   Height  of  Land,  the  shallo** 
poil  on  tin'  reeky  liilU  of  Michipicoten,  and  the  sand-  or  gravel-filled  valleys,   are  froui 
h   standpoint  of  ttTtility  in   marked  contrast.      In   fact,   very   little  of  the  land  of  th« 
Michipiooten  arva  mmmiis  fit  for  general  cultivation,  though  I  believe  if  the  timber  ^e'^ 
lemovcd,  miich  ol"  it    would  ho  lit   for   pasturao:e.      Many  of  the  wide  dried-up  marshe* 
surrounding!;   shruukon   lakes,   or   orrui>yiiig   the   position   of  former  lakes,   are   coverw 
in  midsummer  with  as  plendid   growth  of  wild   grass,   very  suitable  for  cattle,  and  in 
many  of  the  morc^  comploti»ly  burnt  areas  fine  grass  crops  may  be  seen  growing  in  the 
timber  donudcd  country.     Therc>  i^  a  small  patch  of  fertile  land  lying  along  the  shore! 
ff  a   small   crcok  cntcMin^    Otter  Covt» ;     accain.   souio    good    stretches    occur   along  the 
Floating  Heart   river  near   Lost   lake,   and   at   various  other   places,  but  none  of  these 
ore  of  any  size.     The  summer  is  apparently  hardly  long  or  warm  enough  to  grow  wheat, 
though  oats  seem  to  ripen  and  potatoes  usually  are  a  successful  crop  where  tried. 
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The  climate  of  the  Michiplcoten  area  is  for  the  most  part  that  of  the  whole  of  the 
north  shore  of  lake  Superior.  In  winter  the  snowfall  is  heavy,  and  in  summer  the  rain- 
fall is  generally  great.  In  winter  low  temperatures  are  common  (as  will  be  seen  by  a 
glance  at  the  meteorological  observations  made  at  White  River  station),  while  in 
summer  it  i^  very  unusual  for  the  temperature  to  rise  much  above  80®  (Fahrenheit), 
and  in  general  it  is  much  lower.  The  nights  are  always  cool  and  are  often  so  cold  that 
summer  frosts  occur.  These,  however,  are  rarely  heavy.  The  winter  may  be  said  to 
last  from  the  beginning  of  November  to  the  middle  of  April,  but  there  is  little  growth 
till  the  end  of  May.  In  general  the  climate  is  more  severe  than  in  the  country  north 
of  the  Height  of  Land  almiost  as  far  as  James  Bay,  the  winters  equally  long  and  quite 
86  cold,  and  the  summers  on  the  whole  shorter,  rainier,  and  not  nearly  so  warm.  The 
difiPerence  may  in  general  be  said  to  be  due  to  the  proximity  of  the  Michipicotea 
country  to  the  icy  waters  of  Lake  Superior  on  the  one  hand,  and  tc  the  protection 
afforded  to  the  Hudson *s  Bay  slope  north  of  the  Height  of  Land  by  the  rocky  hills 
which  border  Lake  Superior  on  the  other  hand. 

Game  and  Fish 

Game  is  fairly  common  in  the  Michiplcoten  area.  Since  many  of  the  Indians 
have  given  up  hunting  and  have  taken  to  living  by  means  of  whatever  work  they 
can  get  near  the  Lake  Superior  shcre,  game  in  general  may  bo  said  to  have  rapidly 
increased.  Caribou  and  red  deer  are  espesially  common  in  many  parts  of  the  country, 
and  though  few  moose  were  seen  by  my  party  during  the  past  summer,  still,  I  under- 
stand from  the  Indians  that  this  large  and  splendid  animal  is  not  rare  in  Michipl- 
coten. Bears  also  are  common,  especially  near  the  Lake  Superior  shore,  where  they 
find  abundant  agreeable  food  in  the  numerous  berries  which  cover  the  rocky  hilh 
towards  the  close  of  summer. 

Martin,  mink  and  foxes  are  uncommon  according  to  Indian  report,  but  I  was  really 
surprised  at  the  number  of  beaver  in  the  region.  In  our  frequent  traverses  across 
country  we  were  constantly  coming  upon  fresh  dams  built  by  these  interesting  animals, 

ind  in  many  places  the  flooded  marshes  and  enlarged  ponds  caused  by  these  dams 
were  observed  to  have  decidedly  influenced  the  physibgraphy.  This  winter  I  am  afraid 
many  of  these  beaver  will  go,  as  once  the  Indians  know  of  their  whereabouts,  they 
cannot  resist  the  temptation  of  partaking  of  so  dainty  a  morsel  as  beaver  meat.  The 
killing  of  the  beaver  by  the  Indians  is  particularly  dangerous,  as  it  means  practically 
the  extermination  of  the  animals  in  the  particular  part  of  the  country  where  the 
Indians  hunt,  since  it  is  their  custom  to  wipe  out  an  entire  colony  of  beaver  and  leaee 
none  to  breed. 

Rabbits  were  very  common  in  Michipicoten  during  the  past  summer,  but  muskrats 
were  noticed  to  be  especially  rare. 

Nearly  all  the  larger  inland  lakes  and  even  many  of  the  small  ones  are  well  sup- 
piled  with  fish,  but  not  with  trout,  as  most  people  imagine.  Pickerel,  pike,  and 
suckers  are  the  commonest  fish.  Brook  trout  are  found  in  the  Pucaswa  river,  in  tha 
Magpie  river,  and  in  many  of  the  small  brooks  near  Lake  Suporicr.  The  mouths 
of  these  various  streams  are  a  common  resort  for  the  Indians  during  the  early  autumn 
when  the  larger  lake  trout  ascend  the  streams.  White  fish  are  to  my  knowledge 
not  found  in  any  of  the  hikes  wost  of  the  Magpie,  thoue^h  they  are  plentiful 
in  Dog  lake  and  other  lakes  west  of  that  stream ;  and  are  of  course  the  principal 
fish  in  Lake  Superior.  It  is  rcnarkablo  that  Michi-Biju  lake,  Michi  lake,  and  Kat* 
zenbach  lake  contain.no  fish,  although  they  are  all  good-sized  bodies  of  fine  clear 
water.  The  absence  of  fish  is  said  by  the  Indians  to  be  due  to  the  presence  of  certain 
sulphur  springs,   but  I   could   find   no  visible  evidence  to  support  this  hypothesis. 

The  Native  Inhabitants 

There  are  now  very  few  Indians  left  in  Michipicoten,  and  those  who  still  remain 
1.8 v©   lost    most   of   the  fine  qualities  characteristic   of   the  Ojibway   Indian,    to   whiou 
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1rib«  they  belong.  Most  of  them  spend  their  summers  liviog  in  small  wooden  bouset 
ot  in  cutton  tents  at  White  River  station  or  at  the  now  Romnti  Catholic  minion, 
which  is  situated  on  the  Lake  Superior  shore  «bont  two  miles  west  of  Michipicoten 
Harbor,  At  one  or  other  placee  they  find  the  occasional  brief  employment,  plessin; 
to  an  Indian,  cither  in  fishinK  at  one  or  other  of  the  fishing  stations,  or  in  acting  as 
guides  to  tourists  or  exploring  parties.  They  never  seek  steady  employment,  and  f)r 
the  most  pnrt  take  to  the  woods  in  October,  where  the  winter  is  passed  in  bunting  anj 
trapping.  Carihnvi  and  rabbits  are  during  this  season  their  chief  provision.  Few  of  tha 
Indiaitfi  now  dcpi-nd  much  on  the  furs  they  can  trap,  and  tbie  catch  has  been  so  small 
in  rei'en;  yi<ars  that  tbc!  Hudson's  Bay  Company's  post  at  Mirliipicotcn  river  was  closed 
last  summer  after  having  been  open  for  the  second  time  since  1898.  In  general  the 
Ojibways  of  Michipiooten  are  fairly  well-to-do.  though  unhealthy  like  all  savages  wha 
have  come   into  contact   with   the  white  man's  civilization.     The  morale  of  those  wh^ 


■ri  Ilnrbor  is  superior  to  those  who  live  around  White  River,  since 
a  shocking  traffic  in  vhisky  goes  on  with  the  Indians  at  the  latter  place.  Nearly  all 
of  tln'iii  iiii«-  spciik  i'JiKli'^Ii.  iind  in  a  general  way  it  may  be  said  that  the  uselessnes* 
of  an  Iiidiiin  iniri>a-.cs  din-ctly  in  proportion  to  his  knowledge  of  English,  or  in  fai^ 
any  lingu.Tut"  utlicr  than  his  own.  They  have  long  dressed  in  European  costume, 
Hhiih  on  tlii'ni  lonks  essentially  grotesijue  and  hideous.  The  bircb  bark  canoe  and  th* 
birch  bark  wigwam,  oiico  wo  common  and  always  so  picturesr|ue,  are  now  difiappear-i'g 
from  Mithipicoten,  and  the  unfortunate  Miehipieoten  Ojibway  is  year  by  year 
teenmiuf:  more  and  more  like  the  worst  ela.'ss  of  tho  white  men  with  whom  he  now 
has   fre,> 


Jhe  scenery  of  the  district  is  generally  lovely.  The  numerous  lakes  of  multiform 
fantastic  shapes,  indented  by  deep  bays  in  alt  directions  and  dotted  by  rocky  tren- 
girt  islands,  the  rugged  bills  seared  by  the  atmosphere  of  ages,  the  dark  spruce  forert 
extending  to  every  quarter,    and  the  short   stretchy   ot   lily-filled   calm   on   the   risers 


1905  Iron  Ranges  of  Michipicoten  West  299 


Lroken  by  longer  sweeps  of  foaming  rapids  or  falls,  or  by  high-walled  canyons — ^these 
are  all  beautiful  and  give  an  ever-changing,  shifting  scene,  biiT  always  of  the  same 
general  character.  The  numerous  lakes  and  the  rivers  are  a  continual  source  of  jof 
to  the  voyageur  throughout  Michipicoten.  They  make  travelling  by  canoe,  and  camp- 
ing in  the  wilderness  a  delight.  The  rough  rugged  coast  of  Lake  Superior,  indented 
by  narrow  fiord-like  bays  or  varied  by  cliffs  rising  abruptly  from  the  water* s  edge, 
or  ly  long  stretches  of  sand  beach,  lends  a  continual  charm  to  the  scenery  of  the  north 
shore. 

Water  Power  Sites 

There  are  a  great  many  sites  of  hydraulic  power  on  the  varioufi  streams  in  the 
area  joder  discussion.  Perhaps  the  ones  most  suitable  for  early  development,  owing 
to  their  proximity  tc  the  shore  of  Lake  Superior,  are  the  falls  near  the  mouth  of  the 
Pucaswa  river,  Denison  falLs  near  the  mouth  of  Dog  river,  and  the  two  series  of  falls 
near  tLe  mouth  of  the  Magpie  river. 

During  the  past  summer  the  writer  and  his  party  were  the  recipients  of  many 
iindneflses,  and  we  were  courteously  aided  in  our  work  by  the  various  people  through- 
out this  district,  but  acknowledgments  are  especially  due  to  Prof.  A.  B.  Willmott, 
Superintendent  of  Mines  for  the  Lake  Superior  Power  Company,  to  Mr.  R.  W.  Seelye, 
Manager  of  the  Helen  Mine,  and  to  Mr.  W.  H.  McDougall  of  White  River. 


GENERAL  STRATIGRAPHY 

The  rci'.ks  of  the  Michipicoten  Iron  Range,  like  those  of  all  the  iron  ranges  of  laka 
Superior,  are  geologically  of  great  antiquity.  Though  presenting  some  slight  points 
of  difference,  they  closely  resemble  the  rocks  of  the  Vermilion  Iron  Range,  and  are 
probably  of  practically  the  same  age ;  but  it  is  somewhat  hazardous  to  correlate  rocks 
of  districts  so  widely  separated. 

The  stratigraphical  succession  of  the  region   in  ascending  order  may  be  given  a? 

follows :  s* 

X  TT  •  1-  Michipicoten  schists,  etc. 

Lower   Huronian    „    „  ,       .         ,  ,. 

2.  Helen  iron  formation. 

Unconformity. 

Upper  Huronian    Dor^  formation. 

Post-Huronian  *Acid  eruptives. 

Keweenawan   Basic  eruptives. 

The  Lower  Huronian  rocks  of  Michipicoten  are  doubtless  the  stratigraphical 
equivalents  of  the  Archean  rocks  of  the  Vermilion  iron  range,  and  the  Upper 
Huronian  of  Michipicoten,  the  analogue  of  the  same  section.  In  the  nomenclature 
of  these  series  I  have  followed  the  usage  of  previous  geologists  in  the  region.  Th^ 
I'ost-Huronian  acid  eruptives  are  usually  called  Laurentian.  The  basic  eruptives  are 
probably  of  the  £ame  age  as  the  widespread  occurrences  of  similar  rocks  within  the 
Nipigon  or  Keweenawan  serios.  All  of  these  points  will  be  considered  later  in  greater 
detail. 

la  NOTB. — Since  thi§  paper  was  written  the  Report  of  the  In*ernationai  Committo-B  on  the 
elassifloation  of  the  pre-Gambrian  of  the  Lake  Superior  reisrion  has  been  published  (Journal  of 
Oeolofry.  Vol.  XIII.  No.  2,  1905),  and  is  reproduced  elsewhere  in  this  volume.  What,  is  here  called 
the  liower  Hnronlan  is  apparently  equivalent  to  the  Keewatin  in  the  Committee's  scheme  of 
elaaslfloation.  On  the  Vermilion  Iron  Hanfre  of  Minnesota,  for  example,  the  Keewatin  is  said 
by  tlie  Committee  to  oonaist  of  (1)  the  Ely  greenstone  and  (2)  the  Soudan  iron  formaUon, 
which  correspond  apparently  to  Dr.  Bell's  Michipicoten  schists  and  Helen  iron  fornr^tion  re- 
neetiTdj.  The  Upper  Huronian  or  Bor^  formation  probably  corresponds  to  the  Committee's 
Lower  Huronian.  Dr.  Bell  does  no-  use  the  term  "liaurentian"  which  the  International  Com- 
miitae  retain  at  the  base  of  their  toale  in  eruptive  contact  with  the  Keewatin.  but  apparently 
the  Poet^Hnronian  acid  emptiTes  of  Dr.  Bell's  paper  may,  at  least  in  part,  be  included  in 
the   T^aurentian  as  defined  by   the  Committer.    T.   W.  O. 
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Geologic  History 

111  Lr.wcr  Huionian  times  were  deposited  great  thicknesses  of  igneous  rooks.  These 
are  at  times  true  lava  flows,  again  intrusive  sheets,  and  at  other  times  tufaceou^ 
beds  or  \ol(anic  elastics.  Associated  with  these  are  true  waterlaid  sediments.  By 
thje  clofie  of  Lower  Huronian  times  folding  of  the  strata  had  already  commenced  and 
shallow  synclines  were  formed,  in-  w^hich  were  deposited  the  coarse  conglomerates  of 
the  Dore  formation;  the  la?*ger  pebbles  and  the  finer  material  resulting  from  the 
erosion  of  the  high  land  formed  by  the  arching  of  the  strata  between  the  Aynclinei 
During  this  time  volcanic  activity  continued,  allowing  tha  deposition  of  further  ash- 
like material  within  the  Dore  formation.  Subsequent  to  Upper  Huronian  times  were 
irreat  intrusions  of  both  acidic  and  basic  rocks,  the  former  taking  place  when  the 
intense  folding  of  this  strata  was  well  advanced,  and  the  latter  oc'curring  when  tho 
folding  had  almost  or  entirely  ceased. 

The  plication  of  the  strata  hns  boon  most  complex,  resulting  often  in  closely 
comprffpsed  longitudinal  troughs  and  arches,  with  more  open  transverse  folds.  Tho 
former  are  parollel  to  the  trend  of  the  iron  ranges,  the  latter  at  right  angles  to  it. 
The  transverse  folding  has  given  to  the  longitudinal  folds  a  more  or  less  sharp  pitch 
which,  with  the  numerous  secondary  structures  developed — cleavage,  jointing  au«l 
schistosity,  produce  a  geologic  condition  most  difficult  to  study.  In  a  general  way 
the  noFthern  Michipicoten  Huronian  area  may  be  described  as  a  synclinorium  wi*h 
a  general  eastward  pitch  and  bounded  on  the  south  and  north  by  resistant  granit'C 
rocks  The  western  Michipicoten  Huronian  area  is  in  part  much  less  closely  corru- 
gated than  the  northern  Area,  and  its  structure,  which  will  be  discussed  later  in 
conmction  with   the  special   areas,    is   somewhat  different. 

As  may  be  well  imagined  in  a  region  of  such  complex  structure,  erosion  has  pro- 
duced great  irregularity  in  the  distribution  of  the  various  formations,  sometimes 
patches  of  one  kind  of  rock  being  separated  for  miles  from  rocks  of  similar  lithologicil 
characteristics. 


THE  MICHIPICOTEN    SCHISTS 

Dr.  Coleman  and   Professor  Willmott  have  divided  the   Lower   Huronian   of   East-    — 
em    Miiliipicot^n   into    foiir    formations,    named    in    ascending    order   as    follows;   Gros     * 
Cap   preen^tf  ne,   Waua     tiiffs.     Helen     iron     ioimation,     and    Eleanor     slates.       These  "^ 
stratigrjiph.ical  <^nbclivsions  are  ii(it  iiuite  s;iital)le  for  the  nonhern  and  western  Huron- 
ian areas,  and  some  difficulty  has  been  experienced  in  separating  the  members  of  the  "^ 
series  and    in   a»i«ziiin^X   absolute   positions   to   the    divisions  made.      The  decided   band 
01    terrn^iiiors   si'(liiiKMit>   wliiclj   make    up   the    Helen   formation   may    be   considered  as 
occupying  a  d^liuite  horizon.      In  the  nortlierii   Micliipieoten  area  this  formation  gener-     * 
ally   li<\s   close   below  the  Dore    formation,   but  in   some    parts   of    the   belt    masses   of 
schi»^t.>    ijif JMvejie    iM'tuoni     thi'     Tlilen     t'oiniation     and     the    Dore  formation.      In  the 
vestcrn    llurojiiaii    aj«'a    no    <iuh    clcsi?    iclatir)!!    between    the    iron    formation    and    the 
conglcniirato    i^;   ob'-iM'N'ible.       Thi^     varying     ])r^sition     of     the    Helen    formation    with 
ret'ereneo  to  the   Tpper   Huronian  indicates  either  an  unequal  denudation  of  the  Lower    ' 
Hurotiirni    ])rrviou^    to   the    (h']iosiri<.ii    ol    i lu»   e<  iiizlonierate,    or    otherwise    an    unequal 
deposition  of  volcanie  material  after  the  Helen  iron-hearing  rocks  had  been  laid  down. 
Again,    trt-nientlous    f' Idin.^x    and    iaultiiiL!;,    follow<il   l)y    an    -Miormous   and,    in   different 
parts   ot    tlie   are;i,    vrry    une<iU'il    removel    of   material,    liave   doubtless  seemed  to  alter 
the  urij^inal   relaticnis  existing   hctwe<'n   the   rp])er   Hui-oniaji    and   the   Helen  formation 
giving    rise    to    frequent    misinterpretations    of    the    true    condition.       In    some   places 
especially  in  the  northern   belt,  the  widih  of  the   H«'li'n    forn'ation  appears  to  diminish 

at  the  same  time  there  is  a  relative  increase  in  the  amount  of  schist  overlying  it^ 
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whick  seems  to  suggest  that  in  these  parts  of  the  area  towards  the  close  of  Lower 
Ifuronian  times  chemical  sedimentation  was  relatively  overpowered  by  volcanic  depos- 
ition, whereas  elsewhere  the  former  still  continued. 

The  litholo^ical  etiuivalents  of  the  Eleanor  slates  are  comparatively  rare  in  the 
northern  and  western  parts  of  Michipicoten.  and  referred  to  the  Helen  formation 
they  occupy  no  definite  position,  being  either  below  the  iron-bearing  rocks,  above  them, 
or  even  intercalated  with  them.  In  general,  however,  (though  sometimes  in  no  close 
I  elation  whatever  with  the  iron  formation),  they  are  intimately  connected  with  the 
Helen  formation,  and  are  merely  an  argillaceous  phase  of  it.  Still  further,  the 
schistose  greenstones,  common  in  northern,  thougii  rare  in  western  Michipicoten, 
which  may  bo  considered  as  analogous  to  the  Gros  Cap  greenstone,  no  not  always 
occupy  the  lowest  part  cf  the  series  and  are  frequently  interstratifiod  with  the  various 
igneous  schists,   which   in    southern    Michipicoten  make   up   the  Wawa  tufP   formation. 

Owing  to  this  uncertain  relative  position  of  the  different  members  of  the  series, 
it  has  been  considered  best  for  the  present  report  to  neglect  the  previous  terminology 
and  to  make  only  two  divisions  in  the  Lower  Huronian — a  definite  division,  the  Helen 
formation,  to  embrace  all  iron-bearing  cherts  or  their  metamorphic  equivalents, 
together  with  any  other  sedimentary  rocks,  either  chemically  or  water  deposited^ 
which  may  be  intimately  associated  with  them — and  a  somewhat  undefined  division, 
the  Michipicoten  schists,  to  include  all  igneous  rocks  whether  extrusive  or  intrusive, 
together  with  any  sedimentary  rocks,  however  formed,  not  immediately  associated 
with  the  iron-bearing  recks  of  the  Helen  torniati(»ii.  These  sedimentary  rocks  not 
Associated  with  tlu»  Helen  formation  would  naturally  be  connected  into  a  separate 
formation,  were  it  not  that  the  outcrops  of  the  elastics  are  very  few  and  bear  ni 
relation  whatever  either  structurally  or  chemically  to  each  other.  The  new  classi'i- 
cation  is  to  some  extent  independent  of  any  age  considerations,  though  the  schists 
are  generally  older  than  the  rocks  of  the  Helen  formation,  and  compose  by  far  the 
largest  part  of  the  Lower  Huronian. 

The  Michipicoten  schists  consist  of  a  great  complex,  comprised  in  the  main  of 
<iefinitely  igneous  rocks  varyins;  in  chemical  composition  from  decided  basicity  on  the 
one  hand  to  pronounced  acidity  on  the  other,  with  which  are  associated  rocks  of 
doubtful  igneous  origin  and  a  very  few  rocks  of  sedimentary  origin.  All  of  these 
rocks,  whether  sedimentary  or  igneous,  are  more  or  less  schistose  and  often  receive 
the  name  of  "green  schists'*  from  their  very  general  green  color.  The  definitely  igneous 
schists  comprise  the  following  varieties :.  schistose  greenstone,  chloritic  and  micaceous 
schists,  schistose  quart z-porphry,  quartz  porphyry  schists,  felsite  ^.chists,  schistose 
porphyries,  carbonate,  schists,  and  finally  amphibolitos.  The  questionable  schists  are 
either  carbonate  schists,  chloritic  schists,  or  amphibolitos.  The  distinctly  sedimentary 
rrhiste  are  either  schistose  arkoses  or  phyllites. 

The  Schistose  Greenstone 

The  schistose  greenstone  is  a  predominately  massive  rock,  strikingly  simulating 
in  the  field  an  altered  diorite  or  gabbro.  Its  origin  is  prabably  chiefly  from  tbese 
plutonic  rocks,  though  it  is  possibly  derived  in  a  very  small  part  from  true  lava  flow?, 
especially  when  it  exhibits  the  ellipsoidly-parted  structure  analogous  to  tfiat  described 
hj  Clements  as  occurring  in  the  Ely  greenstone  of  the  Vermilion  district.  In  northern 
Michipicoten  this  last  texture  is  very  rare,  and  as  a  rule  the  greenstone  is  a  soft  rock 
of  medium  to  coarse  grain,  generally  with  a  more  or  less  imperfect  schistose  structure. 
Ir  texture  it  is  frequently  poikilitic  but  rarely  porphyritic. 

The  principal  alteration  of  the  rock  has  been  metasomatic,  comprising  chiefly  tha 
phenomena  of  sericitation,  chloritization,  and  carbonatization.  Two  or  all  of  these 
f  rocessee  acting  together  often  give  the  rock  a  mottled  green  appearance.  In  weather- 
ing the  rock  freqently  become   covered  with  a  pinkish  or  grayish   white  crust,   which 


302  Bureau  of  Mines  No.  5 


very  often  gives  it  the  appearance  from  a  distance  of  a  granite  or  felsite.  Ofte.4 
associated  with  the  schistose  greenstone  and  occasionally  grading  imperceptibly  into 
it,  is  a  fine-grained,  soft,  chloritic.  highly  schistose  rock,  which  is  apparently  some- 
times intruded  by  the  schistose  greenstone,  but  much  more  often  intercalated  with 
it.  These  much  sheared  rocks  have  been  tentatively  regarded  as  tufaceous  deposits. 
Their  history  will  be  enlarged  upon  further  on. 

Petrography  of  the  Schistose  Greenstone 

Little  can  be  gained  by  the  microscopic  study  of  the  schistose  greenstone.  The 
original  minerals  still  remaining  are  plagioclase,  hornblende,  augite,  magnetite, 
ilmenite  and  apatite.  Both  the  horni)lcnde  and  plagioclasc  are  greatly  altered;  the 
plagioclase  so  much  so  that  no  more  definite  mineralogical  composition  can  be  assignovl 
to  it.  With  these  primary  minerals  are  associated  the  following  secondary  constitueuns 
— chlorite,  quartz,  chalcedony,  pyrite,  zoisite,  sericite,  epidote,  titanite  (leucoxenp) 
and  carbonate.  Chlorite  in  large  irregular  areas  eating  into  both  the  feldspars  and 
hornblende,  is  the  predominating  mineral,  though  epidote  in  large  radiating  sheaves, 
and  zei.'-ite  in  tabular  aK<zreK.*itos  have  frequently  replaced  the  hornblende  and  invaded 
the  plagioclase  areas  as  well.  Soricite  and  a  carbonate  which  is  sometimes  ferruginous, 
as  judged  from  its  fro<iuent  alteration  to  linionite,  often  replaces  plagioclase,  an«l 
quartz,  as  observed  in  one  instance  at  least,  forms  an  (*xact  pseudomorph  after  that 
mineral.  Quartz  and  carbonate  often  fill  secondary  cracks,  and  these  infiltrations 
are  not  infrequently  rusty  from  the  alteration  of  the  carbonate. 

Distribution  of  the  Greenstone 

Tho  distribution  ol  the  greenstone  is  extensive  throughout  the  northern  Michi- 
picoten  area.  The  shonss  of  Si^aini  lake,  north  of  Iron  lake,  are  entirely  composed 
of  this  rock,  and  it  forms  the  prominent  part  of  the  low  hills  stretching  westward 
from  that  body  of  water  beyond  Nichols  lake  and  eastward  to  the  north  of  Pitch  Pine 
lake,  1o  tho  Dog  river.  Again  it  appears  prominently  south  of  the  Frances  miiio 
towards  Tiae  a  lu  Plo-'^^o,  outcrops  at  frequent  intervals  along  the  southern  part  ot 
Paint  lake  and  of  J^age  lake,  and  southward  from  Kabenung  lake,  towards  the  con- 
tact with  tlio  IN.st-Hurf  nian  acid  oruptives. 

By  intense  dynamic  strain  tho  schistose  greenstones  are  sometimes  metamorphosed 
tc  talcose  and  chloritic  schists,  though  these  rocks  are  formed  more  frequently  from 
the  finer-grained  schists  associated  with  the  greenstone,  which  were  probably  origin- 
ally tufi^s  or  lava  flows,  or  may  even  have  been  water-formed  argillites.  Definite 
proof  of  tho  extrusive  igneous  origin  of  some  of  these  rocks  is  found  in  the  frequent 
cccurronco  of  amygdaloids.  With  these  amygdaloids  are  sometimes  associated  rocks 
which  contain  no  aniygdules,  but  rcssemblo  closely  the  groundmass  of  the  true  amyg- 
daloid or  are  oven  more  highly  sheared.  These  very  schistose  rocks  sometimes  occur 
quite  independent  of,  and  at  loi^^  distances  from  the  nearest  amygdaloid,  but  from 
their  lithological  rosoniblanco  to  tho  latter,  and  because  of  the  occasional  presence 
vithin  them  ot"  small  rounded  fragments  which  resemble  lapilli,  they  have  generally 
been  regarded  as  altered  tuffs,  thonjrh  they  may  in  part  be  very  nuch  altered  phyllites. 
The  amygdaloidal  structure  is  remarkably  well  shown  tn  the  Mtathered  surface  of 
the  true  amygdaloid,  and  tho  frocpiont  oocurronce  of  amygdules  in  a  soft  groundmass 
so  .strikingly  sinnrlatt^^  tlio  inter*  sivpical  ap])raran('o  of  tho  Dore  conglomerate  that 
in  <'Overal  instances  in  tlio  f'lold  tho  lava  was  with  difficulty  distinguished  from  the 
conglomerate. 

Originally  the  groundmass  of  the  amygdaloids  was  probably  a  'basic  glass  or  a  fine- 
grained mass  i-on^i^tin^  thiefly  of  platiii  clasr  and  <i'.mo  forromagnesian  mineral.  The 
letter  has  now  entirely  disappeared,  but  under  tho  microscope  the  former  is  frequently 
recognizable  and  is  soon  to  interlock  in  ophitic  structure  with  the  plates  of  chlorite 
developed  from  the  antecedent  ferromagnesian  mineral  which  was  very  probably  augite. 
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The  laths  of  altered  plagioclase  are  often  entirely  replaced  by  secondary  chlorite, 
chalcedony  and  carbonate,  the  latter  more  or  less  decompoed  with  the  formation  of 
hydrous  iron  oxide. 

The  amygdules  contain  chlorite^  carbonate  and  quartz^  sometimes  consisting  of 
one  of  these  minerals,  sometimes  of  two,  and  often  of  all  three — thus  exhibiting  amyg- 
dules of  difiPerent  colors,  although  predominately  whitish  or  yellowish  or  reddish  due 
to  the  oxidation  of  the  carbonate.  >Mien  the  three  minerals  are  present,  ordinarily 
the  outer  rim,  along  the  edge  of  the  amygdule,  consists  chiefly  of  chlorite  with  a  little 
carbonate,  then  one  of  quartz,  at  first  coarse-grained  but  becoming  saccharoidal  to- 
wards the  centre,  and  finally  often  a  central  core  of  carbonate.  At  other  times 
apparently  the  paragonesis  is  reversed,  and  all  the  carbonate  forms  subsequent  to  the 
quartz. 

The  amygdaloidal  chloritic  schists  outcrop  immediately  north  of  the  range  at 
Iron  lake,  and  in  some  places  south  of  it  towards  Windigo  mountain,  again  north 
.iJ  Sigami  lake  and  near  the  shore  of  the  marsh  on  the  portage  between  the  Frances 
mine  and  the  Dog  river.  The  lateral  extent  of  the  true  amygdaloids  is  small,  and  tha 
rock  otten  grades  imperceptibly  into  schists  which  show  no  amygdaloidal  structuro. 
The  latter — the  common  chlorite  schists — have  a  widespread  distribution  intercalated 
with  the  various  other  schists  throughout  the  region. 

ThL»  schistose  quartz  porphyry  and  the  quartz  porphyry  schist  are  chemically  of 
practically  the  same  composition,  but  they  are  apparently  of  slif^htly  different  modd 
of  crigin,  the  latter  being  effusive  and  the  I'orn.vT  intrr.sive,  though  probably  at  nc 
great  distance  beneath  the  surface  existing  at  the  time  of  intrusion.  This  relat^'on 
between  the  two  rocks  is  judged  from  the  small  enibayments  of  schistose  quartz  por 
phyry  extending  into  the  quartz  porphyry  schists.  It  is  possible,  however,  that  the 
schistose  quartz  porphyry  may  he  merely  a  less  mashed  phase  of  the  quartz  porphyry 
schists,  thouffh  the  great  Hi  ear  extent  of  these  rocks  soems  to  preclude  this  hypothes:s. 

The  quartz  porphyry  schist  is  often  intensely  sheared,  splittinj;  into  thin  bano's 
a  fraction  of  an  inch  in  thickness.  The  schistose  quartz  porphyry  on  the  other  hand 
is  remarkably  massive,  and  is  frcKjuently  shown  topoj^raphically  r.s  tlu^  summit  of  a 
low  ridge  standing  above  the  more  friable  quartz  pophyry  schists,  with  which  it  i> 
apparently  always  connected.  As  it  is  occasionally  granitoid  in  texture,  it  is  some- 
times with  difficulty  distingui^^hed  from  the  fine-grained  porphyritic  granites  of  th--* 
same  age  as  the  immense  granite  intrusions  which  succeeded  the  deposition  of  tU«? 
I'pper  Huronian  rocks. 

Microscopically  the  quartz  porphyry  schist  is  a  nearly  gray  greenish  or  pinki'iJi 
rock  containing  numerous  blebs  of  clear  glassy  (juartz.  The  schist  sometimes  showi 
slight  variations  in  color  and  texture,  indicating  successive  flows  resembling  bedding 
planes.  These  planes  are  usually  in  accordance  with  its  highly  developed  schistosity 
Beneath  the  microscope  its  decomposed  groundmass  is  seen  to  he  composed  chiefly 
of  the  following  minerals:  orthoclase,  plagioclase,  sericite,  quartz  and  chlorite.  In 
the  more  altered  varieties  the  orthoclase  and  plagioclase  are  entirely  changed  to 
sericite,  but  in  others  the  alteration  has  not  proceeded  so  far.  The  plagioclase  is  a 
somewhat  acid  oligoclase,  but  occasionally  it  is  basic  as  andesine.  In  the  metasomativ: 
replacement  of  the  feldspars,  chalce<lony  and  carbonate  have  always  developed  in 
connection  with  sericite.  Where  not  decomposed,  the  groundmass  shows  a  distinct 
felsitic  texture.  There  is  a  marked  tendency  for  the  alteration  products  to  arrange 
themselves  in  parallel  lines  along  the  planes  of  foliation.  The  phenocrysts  are  of  three 
kinds:  quartz,  plagioclase  and  orthoclase.  Rocks  in  which  quartz  is  the  chief  phenr>- 
cyst  are  the  most  common.  The  phenocrysts  are  for  the  most  part  relatively  large 
p.nd  those  which  are  of  feldspar  have  not  undergone  as  great  alteration  as  the  ground* 
mass.  The  quartz  is  usually  rcundcd,  but  sometimes  shows  the  faint  outline  of  the 
dcuble  pyramid.  Orthoclase  appears  in  large  Carlsbad  twins,  and  plagioclase,  which 
ranges  in  acidity  from  acid  oligoclase  to  andesine,  shows  twinning  both  after  the 
albite  and  pericline  laws.     Both  quartzes  and  feldspars  have  been  granulated,  and  tho 
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latter  are  often  surrounded  by  a  halo  of  secondary  minerals— quarts,  sericite,  carbontte 
and  hydrous  iron  oxide.  Occasional  large  plates  of  chlorite  may  represent  origins! 
phenocrysts  of  biotite  bleached  of  their  iron  constituent. 

The  schifitose  felsitcs  and  the  felsitic  schists  are  the  less  silicious  equivalents  ji 
the  schistose  quartz  porphyries  and  the  quartz  porphyry  schists,  into  which  the  former 
imperceptibly  grade  by  the  addition  of  more  quartz  in  the  groundmass  and  the  develop- 
ment of  phenocrysts  of  the  same  mineral.  Owing  to  the  extensive  sericitation  which 
loth  the  quartz  porphyry  schists  and  the  felsite  schists  have  undergone,  they  might 
be  more  correctly  classed  together  as  sericite  schifits.  Chemical  changes  have  consid- 
erably altered  the  quartz-porphyry  and  felsite  schists,  resulting  at  many  points  ii 
their  being  greatly  silicified.  Again,  secondary  carbonates  have  been  extensively 
formed.  From  the  oxidation  of  these  rocks  result  the  rusty  silicified  schists  common 
in  many  parts  of  tlie  district.  It  is  possible  that  much  of  this  carbonate  and  siliu 
wafi  original  and  was  deposited  between  flows  as  small  lenses  of  chemical  sediment  in- 
tr-rst  rati  tied  with  the  more  extensive  igneous  material.  The  sericite  schist  of  both 
the  quartz-porphyry  and  the  felsite  facies  are  among  the  commonest  rocks  of  tho 
Lower  Huronian  in  northern  Michipicoton,  and  are  frequently  found  immediately 
und'^rlying  the  Helen  formation  and  occasionally  overlying  it.  They  are  not  bo 
commonly  distributed  in  western  Michipicoten,  but  occur  prominently  just  west  oi 
Fall  creek  and  elsewhere.  When  they  have  undergone  silicification  and  carbonatizi- 
tion,  they  are  sometimes  almost  indistinguishable  from  some  of  the  cherty  carbonates 
of  the  Helen  formation. 

Other  Types  of  Schist 

Closely  resembling  from  a  tcxtural  standpoint  the  quartz-porphyry  schists  ani 
felsite  schists,  are  the  various  porphyritic  schists,  which  represent  the  effusive 
equivalents  of  plutonic  rocks  varying  in  acidity  from  ba^ic  syenites  or  acid  diorit^^s 
ti'  gabbros.  A  syenite  porphyrite  schist  is  quite  commonly  connected  with  rocks  of  the 
Helen  formation  in  western  Michipicoton,*  especially  north  of  Brown  lake.  Th3  hand 
ppecimen  shows  a  highly  schistose  dark  gray  rock,  resembling  a  chlorite  schist  aud 
sf'^cked  with  small  pinkish  blebs  of  feldspar.  Beneath  the  microscope  the  large  pheno- 
ciysts  stand  in  marked  contrast  to  the  finc-grainod  cjroundmass.  The  phenocrysts  consist 
chiefly  of  orthoclase  and  of  plagioclase,  which  does  not  exceed  the  basicity  of  andesin-J. 
Both  orthoclase  and  plagioclase  are  decomposed,  much  strained,  and  sometimes  cracked 
and  faulted.  The  groundmass,  which  is  entirely  altered,  consists  of  a  mass  of  chlorite, 
sericite.  quartz,  calcite.  opidote,  ziosite,  and  hydrous  iron  oxide. 

The  diorite-porphyrite  schist  which  also  occurs  in  the  western  Michipicoten 
Huronian,  commonly  contains  phenocrysts  of  hornblende,  of  plag'oclase,  and  a  verv 
few  of  biotite,  the  groundmass  consisting  of  altered  feldspars,  quartz,  chlorite,  calcito 
and  pyrito. 

The  various  carbonate  schists,  calcareous,  dolomitic,  or  sideritic,  represent  tho 
extreme  phase  of  the  carbonization  of  the  other  green  schists,  more  particularly  the 
less  massive  phase  of  tho  schistose  greenstone,  which  they  closely  resemble  in  physical 
appearance,  and  from  which  they  differ  chemically  in  the  increase  in  the  quantity 
of  carbonate  and,  to  a  less  extent,  of  silica. 

Tho  rock  in  the  field  is  often  hardly  distinguishable  from  a  much  altered  diorito 
or  gabbro,  but  the  more  completely  metamorphosed  specimens  are  really  impure  lim«> 
stcne^i,  dolomites,  and  siderites.  For  instance,  at  the  extreme  eastern  end  of  KabenuniS 
lake  there  is  a  rock  of  undoubted  igneous  origin,  now  almost  completely  composed  (rf 
calcium  carbonate,  with  small  amounts  of  muscovite,  zoisite,  chalcedony  and  a  very  few 
much  altered  plagioclases,  showing  twinned  striation.  Again  part  of  the  coarse- 
grained schist  on  tlie  Angel's  Night  Cap  at  Iron  lake  is  composed  principally  of  car- 
bonate with  light  green  clilorite,  quartz,  and  some  altered  plagioclase.  The  quarts 
often  forms  exact   pscudomorphs  after  plagioclase,    while  the   carbonate  replaces  both 
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[tlagioclase  and  the  original  ferromagnesian  mineral,  of  which  chlorite  is  the  bleachei 
successor.  Carbonate  is  also  independently  deposited  in  cracks.  Chlorite  is  sometimes 
apparently  a  metasomatic  product  of  plagioclase. 

A  sideritic  schist  ocurs  on  the  portage  from  Pyrrhotite  lake  to  Godon  lake,  wh^^h 
rontains  so  much  iron  carbonate  that  by  its  oxidation  it  has  given  rise  to  small  pockets 
)f  impure  iron  ore,  of  no  economic  importance.  These  deposits  of  siderite  in  many 
yhsen  'loubtless  have  resulted  from  the  infiltration  of  material  leached  from  overlying 
>r  adjoining  rocks  and  deposited  in  the  interstices  of  the  schistose  greenstones  or  other 
K'hists,  but  it  is  also  due  in  part  to  the  direct  alteration  of  some  of  thje  original 
ninerals,   probably  chiefly  the  ferromagnesian  minerals — hornblende  or  augite. 

The  phenomena  of  chloritization,  silicification,  carbonatization  and  kaolinization, 
)f  hornblende  or  augite,  may  be  theoretically  expressed  as  follows: 

.5  ^  (Ca,  Mjr,   Fe)  0-h(Al,  Fe)..  O,— 4SiOo  }■  12  H^O^lSCOa^SCaCOa-r  SFe-Pa  f5FeCO,^- 
-5MJr<X)»4-4HoO,  5MjrO,  A1.A.  3Si  0.,4  4(2H.A  Al./).,,  2  8i02)^9  SiOg. 

>r  the  carbonization,  silicification  and  kaolinization  of  plagioclase  (acid  labradorite). 
2  (Ca,  Al^RlA  '  NaAl  Si.W  -3CO.,4  6  Fl.,()  -2CaC0,"^  3(2H.A  Al.,  0„  2Si02)  rNaaCO,-f- 

Metamorphosed  Schists 

Besides  the  peculiar  forms  already  described,  due  to  regional  metamorphism,  there 
ire  a  number  of  other  interesting  rocks  produced  both  by  contact  and  dynamic 
netamorphism,  more  especially  the  former.  Only  a  very  few  of  these  can  be  discusseil 
n  the  limited  compass  of  this  report.  They  are  apparently  of  three  principal  kind»^ 
he  epidote  schist  type,  the  hornblende  schist  type,  and  the  biotite  schist  type.  The 
pidote  schist  facies  shows  a  rock  in  which  the  original  mineral  constituents,  basic 
•lagioclase,  and  amphibole  or  pyroxene  have  been  metamorphosed  to  a  mass  of  epidoto^ 
cisite,  quartz,  chalcedony,  chlorite  and  often  magnetite,  but  showing  sometimes  frap^- 
jents  of  original  feldspars  or  ferromagnesian  minerals.  This  rock  is  especially  common 
long  the  contact  of  the  schist  with  the  large  masses  of  Post-Huronian  acid  eruptives, 
'Specially  where  narrow  sheets  of  the  acid  intrusive  are  intercalated  witli  thin  beds 
f  schists.  The  phenomenon  was  seen  to  best  advantage  in  the  fire-swept  stretch  of 
ountry  just  north  of  lake  Charlotte.  The  epidote  schist  type  is  apparently  formed 
rom  the  finer-grained  chloritic  schists. 

Often  appearing  close  to  the  contact  of  the  post-Huronian  eruptives,  and  even 
ncludcd  as  small  areas  within  them  are  rocks  of  the  hornblende  schist  type.  They 
rere  also  noticed  in  several  places  as  the  product  cf  dynamic  metamorphism,  or  what 
(  apparently  so.  Beneath  the  microscope  the  rock  appears  entirely  re-crystallized, 
nd  consists  usually  of  hornblende,  epidote,  magnetite,  quartz,  and  sometimes  plagio- 
!ase  (labradoriteP)  with  calcite,  biotite  and  chlorite.  The  light  and  dark  mineraU 
re  associated  in  more  or  less  parallel  bands.  This  rock  may  be  found  on  the  shores 
f  Brant  lake,  south  of  the  Grand  Portage,  as  narrow  bands  of  included  schists  in 
ranites.  etc. ;  west  of  Richardson's  Harbor  towards  Otter  Head,  in  connecticn  with 
be  magnetite  schists  of  M cDougall's  lake ;  and  elsewhere.  The  hornblende  schist  type 
epresentfi  apparently  the  extreme  phase  of  metamorphism  of  the  chlorite  schists, 
'here  are  phases  which  are  transitional  between  the  chlorite  schists  proper  and  the 
urely  hornblende  schists.  Sometimes  the  percentage  of  magnetite  increases  so  much 
bat  they  pass  into  magnetite  schists.  Narrow  lenses  of  a  magnetite  hornblende 
blorite  schist  (very  rich  in  magnetite)  occur  on  the  north  side  of  the  Pucaswa  river 
bout  two  miles  above  its  mouth,  and  these  probably  represent  enriched  narrow  zones 
>rmed  by  differentiation  by  compression  of  some  basic  igneous  rock  like  gabbro. 
hey  possibly  resemble  on  a  very  small  scale  the  immense  lenses  of  magnetite  in  hora- 

20  m. 
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blende  and  chlorite  schists  at  Sydvaranger  in  Norway,  described  by  G.    Henriksen.'s 

The  biotite  schist  type  is  much  less  common  than  either  of  the  other  two^  but  ia 
seen  typically  to  form  low  overhanging  cliffs,  rising  ten  to  twenty  feet  above  the  waten 
of  lake  Kapimchigama,  in  the  long  northern  bay,  and  I  observed  i^  at  several  oUier 
points.  Mcgascopically  in  some  ways  this  rock  resembles  the  carbonate  schists.  It 
uanally  consists  mainly  of  biotite,  with  lesser  amounts  of  carbonate  (calcite),  magnetite^ 
muscovite,  talc,  chlorite,  residuary  green  hornblende,  and  altered  feldspar.  Origiu- 
ally  the  rock  was  probably  a  schistose  greenstone  or  allied  rock,  composed  mainly  of 
amphibolo  (very  possibly  a  paramorph  after  pyroxene),  a  little  i.nsic  plagioclase,  and 
more  or  less  magnetite.  However,  the  biotite,  with  intergrowths  of  muscovite,  calcite, 
and  chlorite,  lias  almost  entirely  replaced  the  original  material,  though  magnetite 
occurs  everywhere  quite  unaltered  as  inclusions  in  all  the  secondary  minerals. 

The  highly  banded  gneisses  which  occur  within  the  granites  of  Ott^r  Head  and 
elsewhere,  often  in  large  areas,  are  supposed  to  represent  extremely  metamorphosed 
quartz-porphyries  or  felsite  schists,  or  their  deep-seated  e«iuivalents.  This  point, 
however,  will  be  discussed  later  in  connection  with  the  post-Huronian  acid  eruptives. 

A  peculiar  black  schist  was  found  on  the  east  branch  of  the  Pucaswa  river  nori:h 
ol  David's  lakes,  and  on  the  portage  between  Pyrrhotite  lake  and  lake  Marian,  in 
connection  with  the  carbonate  schist  already  mentioned.  The  hand  specimen  shows 
a  heavy  black  schistose  or  even  slaty  rook.  Beneath  the  microscope  the  minerals 
chiefly  showing  are  pyrite,  more  or  less  altered  and  in  great  irregular  clumps,  and 
much  less  quartz  and  chlorite.  Sometimes  the  pyrite  is  in  large  crystalline  areas 
un broken  by  chlorite  or  (|uartz,  again  it  is  in  small  specks  more  or  less  segregated 
within  streaks  of  chlorite  and  quartz. 

It  has  been  mentioned  tliat  silificati  .n  is  a  conunou  nietasomatic  change  in  th'.i 
alteration  of  the  quartz-porphyry  schists.  It  was  observed  that  this  change  was 
especially  common  where  the  rocks  were  in  eruptive  contact  with  large  masses  of  in- 
truded granite,  and  occasionally  difficulty  was  experienced  in  ascertaining  which  was 
the  intrusive  and  which  the  intruded. 

The  various  psoudo-conglonieratos  which  occur  so  widely  in  northern  Michipicoten 
are  sometimes  almost  indistinguishable  from  a  waterlaid  ro<.'k.  One  of  these,  th<J 
chlorite  amygdaloidal  "schists,  has  already  been  described.,  hut  several  others  may  ho 
mentioned.  Near  the  shore  of  Syenite  lake  occurs  an  amphibolite,  an  altered  schistose 
greenstone,  throughout  which  at  one  particular  point  rounded  fragments  very  much 
resembling  pebbles,  are  common.  They  are,  however,  all  exactly  the  same,  consistiu^ 
of  a  mass  of  epidote,  zoisitc,  chlorite  and  magnetite,  and  probably  represent  the  cor- 
roded remains  of  fragments  of  orii^inal  schist,  into  which  the  irruptive  rock  was 
ihtrude<l.  Another  example  is  the  autocla.stic  rock  seen  west  of  Eccles  lake  (on  the 
cast  side  of  the  Maioiipio),  and  east  of  Godon  lake.  Here  interbanded,  softer  and  harder 
layers  of  felsite  and  quartz  porphyry  were  first  brecciated  and  then  the  harder 
fragments  rounded  hy  shearing. 

Real  Sedimentary  Rocks 

It  lias  been  mentioned  that  the  distinctly  sedimentary  rocks  within  the  Michipi- 
coten .scliists  coTisist  (A  '-clii^trsc  arkoses  and  of  phyllites.  Schistose  arkose  has  been 
found  to  my  knowledge  in  the  nortliern  and  western  Michipicoten  areas  at  only  one 
pojnt,  on  a  small  island  near  the  east<'rn  en(«  •  f  Reed  lake,  as  narrow  bands  in  connec- 
tion with  phyllites.  The  arkose  macroscopically  is  a  grayish  schistose  rock,  looking 
Dot  unlike  an  altered  felsite,  with  which  it  may  prohably  be  sometimes  confused  in  the 
field.  Microscopicallly  it  is  seen  to  consist  of  a  somewhat  fine-grained  matrix  of  small 
lounded  quartzes,  muscovite  and  chlorite  in  small  flakes,  and  crystalline  calcite,  in 
which  are  embedded  the  various  larger  fragments  of  quartz  and  both  orthiX7l-\><e  aud 
plagioclase  feldspars.  Tlio  feldspars,  wliich  are  much  altered  to  sericito  and  other 
secondary  products,   nr^  more  common  than  quartz. 


13  "On   the   Iron    Ore    repoelts   of  Sydvaranger,  FiDamaoken,   Norvay,"   by    G.   Henriksen. 
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Highly  schistoee  chlorite  schists,  which  are  definitely  known  to  be  sedimentary 
phyllites  within  the  Michipicoten  schists  and  with  no  connection  with  the  Helen 
formation,  are  very  rare^  The  recks  of  this  type,  however,  which  outcrop  in  Dog 
River  harbor,  are  distinctly  sedimentary  and  have  apparently  no  connection  with  tho 
Helen  formation,  the  nearest  outcrop  of  which  is  two  miles  to  the  west.  Similar 
phyllites  appear  on  the  islands  at  the  east  of  Reed  lake.  These  phyllites  of  Dog  River 
harbor  and  of  Reed  lake  resemble  phyllites  ocourriii^r  with  the  iron  formation  at  Iron 
lake,  and  even  more  so  those  which  herder  the  Dore  conglomerate  on  the  south  side 
on  the  Magpie  river,  south  of  McKinnon's  bridge.  It  is  impossible  from  mere  litho- 
logical  reasons  to  connect  these  phyllites,  without  any  definite  stratigraphical  connec- 
tion, with  either  th^  Heli*n  or  Dore  format iojis.  and  they  are  merely  considered  with 
the  arkose  above  described  as  being  sclluientfaiy  lenses  within  the  much  more  extensivo 
Igneous  material,  though  they  may  more  correctly  be  isolated  outcrops  belonging  with 
the  argillr.ceous  rock  of  the  Helen  formation  or  Dot6  formation. 

The  outcnp  on  Do«j  river  is  interes'.ing,  and  I  shall  describe  it  somewhat  in  detail. 
There  are  two  bands  of  phyllite.  The  most  eastern  hand  strikes  about  X.  80^  W., 
and  has  a  very  slight  inclination  from  the  vertical.  It  consists  of  black  phyllite  inter- 
handed  with  light  grayish  phyllite,  both  more  or  less  rusty,  due  to  the  oxidation  of 
pyrite.  The  outcrop  is  twenty  feet  wide.  A  gravel  beach  borders  the  rock  on  the 
tast  side,  but  at  s<n^enty-fivc  feet  in  that  dinntion  an  almost  massive  greenstone 
■chist  appears.  On  the  west  side  of  the  phyllite  lie  seventeen  feet  of  light  greenish 
Bchifictose  agglomerate,  beneath  which  is  a  schistose  greenstone  for  twenty-four  feet,  then 
seven  feet  of  rusty  chloritic  schist  (which  may  bt>  sedimentary),  and  then  the  second 
band  of  phyllite  five  feet  wide  and  closely  resembling  the  first  band  in  general  appear- 
ance, but  which  strikes  N.  40^"  \V.  and  dips  northeastward  at  52^.  Beneath  the  second 
phyllite  band  lie  chloritic  fichists,  which  appear  as  if  of  igneous  origin. 

In  the  microscopic  cross-section  the  sedimentary  origin  of  the  phyllite  is  ascer- 
tained by  the  presence  of  rounded  quartzes  and  of  frayed  fragmental  chlorites  or 
micas.  The  light  gray  phyllites  seem  to  owe  their  color  to  the  presence  of  considerable 
sericito,  whereas  the  dark  coloring  of  the  blackish  phyllites  is  due  to  the  presence  of 
carbonaceous  matter. 

The  band  of  phyllit^^s  which  appears  on  Doc  River  harbor  outcrops  at  several 
points  alojig  the  portage  trail  from  the  harbor  to  the  first  lake  on  the  route  to  lake 
Michi-Biju. 


THE  HELEN    FORMATION 

As  already  mentioned,  the  Helen  iron  formation  (in  northern  Michipicoten  at 
least)  occupies  a  position  generally  close  to  the  overlying  Dore  conglomerate,  but 
sometimes  great  masses  of  green  schist  intervene  between  it  and  the  Dor6  formation. 
The  relations  existinio:  between  these  overlyinq  greon  schists  and  the  Helen  formation 
will  be  seen  when  the  special  districts  of  Morse  mountain  and  the  Katossin  claim  are 
described  later. 

The  Helen  formation  consists  of  a  series  of  allied  and  related  rocks  named  in 
(rder  of  their  importance  in  tlie  region  as  follows:  banded  chert,  massive  granular 
chert,  sideritic  chert,  pyritous  chert,  banded  jasper,  rusty  quartzite,  griineritic  and 
c^her  amphibolitic  schists,  cherty  siderito,  and  iron  ores — hematite,  magnetite,  pyrites 
and  even  pyrrohotite.  Betw«'en  these  rocks  there  is* every  phase  of  gradation.  Besides 
thoM*  ferruginous  neks  the  formation  includes  a  number  of  argillaceous  n^cks, 
phyllites,  and  biotitic  and  epidotic  schist^ — nil  undoubtedly  sedimentary  which  ar.? 
found  not  only  interstratified  with  th"  ferniginons  rocks  but  also  both  above  and 
below  them,  although  always  in  intimate  connection  with  them.  These  argillaceous 
rocks,  as  already  mentioned,  cannot  he  connect«'d  with  the  phci'llites  at  Dog  River 
harbor  and  at  Reed  lake,  because  there  is  apparently  no  stratigraphical  connecti'>u 
between  the  phyllites  of  the  Helen  formation  and  the  others. 
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Intercalated  with  the  Iron  formation  at  Iron  lake  are  carbonate  schists  which 
were  at  first  supposed  to  be  contemporaneous  with  the  iron  formation,  but  which  are 
in  reality  sheets  of  basic  igneous  rocks,  injected  parallel  to  the  bedding  of  the  sedi- 
ments, and  apophyses  from  the  wide  dikes  of  post-Huronian  basic  eruptives  which 
cut  the  formation,  and  since  their  injection  much  altered  by  metasomatic  changes. 
They  will  be  discussed  in  connection  with  the  rocks  of  which  they  are  a  part — ^the 
post-Huronian  basic  eruptives,  and  are  mentioned  here,  merely  because  of  the  deter- 
iorating influence  which  they  exercise  on  the  economic  value  of  the  iron  formation 
at  certain  points. 

The  Iron-bearins:  Cherts 

The  banded  chert  is  composed  in  its  typical  form  of  alternating  narrow  layen 
of  whitish  opalescent  chert  and  silicious  hematite  or  magnetite.  In  the  northeri 
Michipicoten  iron  range  this  form  is  rarely  seen,  though  very  common  in  western 
Michipicoten.  The  opalescent  chert  is  usually  quartzitic  or  granulated,  and  th^ 
silicious  hematites  are  impoverished  purplish  jaspers,  with  which  there  is  always 
associated  some  pyrite,  though  most  of  it  may  replaced  by  pseudomorphs  of  limonite. 
Beneath  the  microscope  the  whitish  chert  bands  appear  as  a  homogenous,  interlocking, 
fine  grained  mosaic  of  quartz,  while  the  purplish  layers  consist  of  much  stained 
quartzes  thickly  mixed  with  specks  and  small  areas  of  hematite,  hydrous  iron  oxide 
and  more  or  less  oxidized  carbonate  or  pyrites. 

The  banded  cherts  are  often  brecciated,  and  the  fragments  re-csmented  by  secondary 
quartz.  In  this  autoclastic  rock  the  original  ferruginous  bands  appear  as  angular 
reddish  areas  in  a  matrix  of  whitish  quartz. 

The  sideritic  chert  consists  essentially  of  two  minerals — quartz  and  siderite,  with 
which  are  almost  always  associated  chlorite,  soricite,  pyrite,  oxidation  products  of 
pyrite  and  carbonate,  and  sometimes  microcline  and  other  feldspars.  Examined  mic- 
roscopically, some  of  the  quartz  is  seen  to  be  clastic,  but  most  of  it  is  chemically 
precipitated,  often  in  the  form  of  chalcedony.  Both  microcline  and  chlorite,  tb3 
former  in  rounded  grains  and  the  latter  in  plates  with  frayed  edges,  are  fragmental, 
and  their  areas  have  been  greatly  reduced  by  the  invading  carbonate.  Pyrite  w 
f'-equeiitly  an  inclusion  in  both  the  clilorite  and  carbonate,  and  it  occasionally  develops 
ill  secondary  voinlets  in  association  with  chlorite,  carbonate  and  quartz.  Some  of  the 
sideritic  cherts  contain  so  much  chlorite  that  they  pass  into  cherty  sideritic  phyllites, 
of  su  much  microcline  that  they  become  sideritic  arkoses. 

Tlio  massive  grayish,  pinkish  or  whitish  chert,  when  quite  pure  and  undecomposed, 
is  holocrystalline  and  beneath  the  microscope  is  seen  to  consist  of  an  interlocking 
mosaic  tt"  quartz.  This  is  tlu»  •saiuls.oiio  tluMt"  of  the  Michipicoten  prospector.  It 
is  ott<'ii  murkcdly  rusty,  due  to  the  oxidation  of  iron  carbonate,  and  loss  frequently 
pon  pyrites,  both  of  wliich  are  nearly  always  present.  With  an  increase  of  one  or 
ether  oi  these  minerals,  the  rock  passes  into  a  sideritic  chert  or  pyritous  chert. 

Occasionally  tlic  chert  is  almost  black  in  color,  amorphous,  and  with  its  constituent 
n\inerals  entirely  unseparated  into  bands.  This  phase,  when  viewed  microscopically, 
is  seen  to  l»e  composed  of  a  lino  mosaic  of  quartz,  often  chalcodonic,  with  a  great  deal 
of  chlorite  in  small  flakes,  and  with  considerable  magnetite  or  pyrite,  or  both,  as  tioy 
inclusions  in  the  chert  or  as  automorphic  grains  or  aggregates.  By  arrangement  i'l 
lands  and  decrease  in  the  quantity  of  pyrite  this  grades  into  the  normal  banded  chert. 

Allied  to  the  granular  chert  and  often  almost  indistinguishable  from  it  in  the  field, 
!«-  a  coarse-grained  rusty  quartzite.  This  rock  beneath  the  microscope  shows  tremei- 
dous  shearing  The  quartz  individuals  are  drawn  out  in  long  ribbons,  with  a  general 
parallel  alignment  of  the  main  axes  of  the  grains,  but  with  sweeping  curved  boun- 
daries. The  ''ribbons"  are  surrounded  by  ji  mosaic  of  granulated  quartz  and  are 
crossed  l»y  tiny  sutures  filled  with  similar  material.  The  wliolo  has  been  re-cemented 
by  secondary  quartz. 
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Truo  banded  jasper  or  "jaspylyte,''  is  comparatively  rare  in  the  Michipicoten 
district.  It  occurs  north  of  Iron  lake,  on  the  Katossin  claim,  on  the  shore  of  lake 
Superior  three  and  a  half  miles  west  of  the  mouth  of  the  Pucaswa,  and  east  of  the 
Magpie,  and  is  hence  worthy  of  mention.  It  consists  of  interbanded  layers  of  crimson 
jasper  with  either  bluish  specular  hematite  or  magnetite,  or  both  mixed. 

Metamorphosed  Ferruginous  Cherts 

Sometimes  the  ferruginous  cherts  are  so  intensely  altered  by  either  contact  or 
dynamic  metamorphism  that  various  amphibolitic  schists  result.  These  are  of  three 
kinds — the  griinerite  facies,  the  actinolite  facies,  and  the  hornblende  facics,  depending 
on  the  character  of  the  original  rock  from  which  the  metamorphic  rock  was  derived. 
Every  phase  of  alteration  can  be  traced  from  a  chert y  rock  in  which  the  small  and 
few  blades  of  griinerite,  actinolite,  or  hornblende  are  only  distinguishable  under  the 
microscope,  to  those  which  resemble  an  amphibole  schist  formed  by  the  alteration  of 
an  igneous  rock.  The  alterations  are  due  almost  always  to  contact  metamorphism, 
although  instances  resulting  from  what  is  apparently  dynamic  metamorphism  are  not 
unknown. 

The  griinerite  type  shows  remarkably  even  separation  into  bands,  light  grayish 
green  and  black  in  color.  The  light  colored  bands  are  composed  of  a  radiating  inter- 
locking belt  of  long  lath-shaped  griinerite  crystals,  containing  a  very  little  magnetite 
end  a  few  residuary  quartzes — the  remnants  loft  by  the  invasion  of  the  grains  of 
griinerite.  The  dark  bands  consist  chiefly  of  magnetite,  with  lesser  amounts  ot 
griinerite  and  quartz.     The  magnetite  is  gaining  at  the  expense  of  quartz. 

The  actinolite  schist  type  exhibits  macroscopically  a  light  grayish-green  rock,  often 
fitained  with  iron  rust,  generally  very  highly  foliated,  and  sometimes  soft  and  friabL^. 
The  thin  section  shows  a  mat  of  fine  actinolite  needles,  almost  entirely  replacing  u 
quartz  mosaic,  which  is  but  faintly  visible,  and  holding  in  their  interstices,  and  some- 
times as  inclusions,  automorphic  grains  and  .'•mall  aggregates  of  magnetite.  Griinerite 
at  times  probably  replaces  actinolite  and  the  rock  then  grades  into  a  griinerite  schist. 

The  hornblende  schist   derived   from   the  nictaniorphisni   of   a   ferruginous  sediment 
resembles   remarkably  that  derived   from   the  metamorphism  of   a  schistose  greenstone 
or  chloritic  schist,  though  as  a  rule  the  banding  is  more  uniform   and  the  percentage 
cf  quartz  greater   in  the  sedimentary    rock.     Beneath  the  microscope   the  hornblende 
fchist  is  seen  to  contain  the  following  minerals,  quartz,  with  chalcedonic  silica,   horn- 
blende, epidote,    biotite,  chlorite,   carbonate,   magnetite,    and  rarely   apatite,    arrange! 
in  parallel   bands  of  dark  grayish  grec^n   and   black.     The  grayish  green  bands  consist 
chiefly   of   quartz,    chalcedony  and    hornblende     the   latter  gaining   at    the   expense   of 
quartz.      Chalcedony,    when     present,     advances     almost    as    steadily     as    hornblende. 
Epidote  and  hornblende  with  magnetite  make  up  the  darker  bands.     The  epidote  and 
hornblende  are  intergrown   in  apparently  cont<»mporaneous  growth,  appearing  in  long 
attenuated  sheaves,  with  their  long  axes  parallel  to  the  planes  of  schistosity.  Thomag- 
r*e-tit«  is  contained  as  inclusions  within  both  epidote  and  hornblende,  and  as  independent 
crystals  and  aggregates  between  their  interstices.     Xo  quartz  save  that  which  is  found 
as  inclusions  in  the  ferromagnesian  minerals,  is  found  in  the  darker  bands.     A  little 
residuary  carbonate   and  chlorite,   still    left    unaltered    from    the    original    rock,     are 
(generally  present,   and  these  may  bo  in  very  considerable  quantity.     Biotite  and  apa- 
tite are  comparatively  uncommon  inclusions.     Sometimes  there  is  no  magnetite  in  tho 
rock,  but  a  great  deal  of  both  epidote  and  hornblende  and  some  apatite.     In  this  case  the 
rock  has  evidently  resulted  from  the  alteration  of  a  cherty  carbonate  rich  in  lime  and 
ttiagnesia  and  poor   in  iron  oxides;   and   probably   containing   much  chlorite. 

As  may  be  judged  from  the  products  of  alteration  of  the  cherty  iron  carbonate, 
few  of  them  are  pure  cherty  siderites.  Analyses  were  made  of  several  specimens.  One 
sample  from  McDougalKs  promontory  on   Iron  lake  gave  the  following  result : 
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Perceut. 

FeCoj 37.01 

MgCO, 7.96 

SiOa 52.36 

HjO,  etc 2.  i 

vhile  other  analyses  showed  lime. 

Petros^raphy  of  the  Phyllites 

Tho  argillaceous  rocks  associated  with  the  ferruginous  rocks  of  the  Helen  fona- 
fition  are  phyllites,  and  rocks  derived  by  metamorphism  from  phyllites.  The  rocks  of 
this  character,  which  have  been  definitely  ascertained  to  be  of  clastic  origin  are  rare 
in  Michipicoten,  though  there  are  a  great  many  doubtful  rocks  which  are  now 
tentatively  classed  with  the  Michipicoten  schists,  and  which  may  really  belong  with 
the  phyllites.  The  few  occurrences  of  definitely  ascertained  phyllites  are  so  widely 
separated  that  it  would  be  impossible  to  classify  them  as  one  bed. 

Generally  the  only  methods  of  determining  the  origin  of  the  phyllites  are  by  their 
very  even  banding,  by  their  often  pronounced  slaty  cleavage,  and  by  their  direct 
association  with  iron-bearing  rocks  undoubtedly  sedimentary,  but  occasionally  the 
origin  is  also  discoverable  microscopically  by  the  presence  of  decided  rounded  grairia 
of  clastic  quartz,  or  by  frayed  fragmental  biotites  or  chlorites. 

The  phyllites  are  both  light-colored  and  dark-colored.  The  light-  colored  phyllite, 
a  very  cleavable  rock,  consists  essentially  of  chlorite  and  sericite  with  generally  a  little 
quartz.  A  light-colored  tourmaline  is  occasionally  abundant,  and  there  is  always 
probably  a  little  carbonate. 

The  dai'k-colored  phyllites  owe  their  color  to  the  presence  of  a  large  amount  o^ 
what  is  apparently  carbonaceous  material.  They  are  very  evenly  and  often  crenately 
banded  in  very  thin  layers  of  lighter  and  darker  material.  The  darker  material  con- 
sists of  chlorite,  biotite,  hematite,  carbonaceous  matter,  and  a  little  chalcedonic 
silica.  The  biotite  and  chlorite  are  arranged  with  their  long  axes  parallel  to  thf 
foliation  of  the  rock.  The  whitish  bands  ar*^  composed  of  chalcedony,  some  clastic 
quartz,  light  greenish  chlorite,  and  a  little  hematite.  The  clastic  quartzes  are  drawn 
into  long  narrow  lenses  wedged  in  between  foils  of  biotite  and  chlorite. 

By  their  further  metamorphism,  owing  to  the  intrusion  of  igneous  rocks,  the 
phyllites  alter  to  opidotic  and  micaceous  schists.  The  epidotic  schists  are  megascop- 
ically  rusty  weathering  fine-grained  rocks,  often  showing  banding  but  very  slightlv 
(leavable.  Beneath  the  microscope  the  banded  varieties  show  layers  of  epidote, 
chlorite,  zoisite,  quartz,  chalcedony,  and  a  little  hematite  and  magnetite,  intercalated 
with  :  i.vtT.v  consisting  chiefly  of  magnetite  with  a  little  chlorite  and  chalcedony.  The 
minerals  are  nearly  all  secondary,  and  only  some  of  the  chlorite  and  a  few  of  the 
larger  quartzes,  wliich  are  drawn  out  in  lensoid  shape  parallel  to  the  schistosity,  are 
clastic  and  original.  Sometimes  the  epidote  is  entirely  replaced  by  zoisite,  with  which 
are  asM)ciatod  garnet,  niuscovite,  pyrite  and  chalcedony,  and  there  is  sometimes  a 
little  original  or  secondary   carbonate. 

The  niicaceuiis  schists  show  tlie  development  of  biotite  and  niuscovite  in  bands, 
beparated   by   layers  composed  chiefly  of   quartz,  often   chalcedonic. 

The  degree  of  alteration  of  the  phyllites  varies  with  their  position  with  reference 
to  the  dike  or  boss  which  caused  their  metamorphism,  the  change  being  greatest  im- 
mediately adjoining  the  eruptive  rock,  and  gradually  diminishing  away  from  the 
contact  to  the  sediment  changed  only   by  the   general  regional   metamorphism. 

Structure  of  the  Helen  Formation 

As  most  of  the  rocks  of  the  Helen  iron  formation  are  of  a  hard  resistant  naturfl) 
lVie.v  become  fractured,  brecciated  and  jointed  rather  than  cleaved,  though  the  phyllit^ 
and  their  metamorphic  products,  as  well  as  the  altered  rocks  resulting  from  the  fef' 
ruginous  sediments,  often  are  decidedly  schistose.  Pronounced  faults  in  the  iri:A 
f<^rmation  may  be  seen   in   several  parts  of  the  north  and  west   Michipicoten  ranges. 
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^bnong  these  may  be  mentioned  one  on  the  property  formerly  owned  by  tfie  Minnesota 
Iron  Company,  west  of  Iron  lake,  two  on  the  prolongation  of  the  Leach  lake  bandfl 
r.crth  of  the  Grand  Portage,  and  one  on  the  portage  from  Floating  Heart  river  tj 
Tameron  lake;  doubtless  also  there  are  besides  these  larger  and  more  apparent  faults, 
innumerable  instances  of  minor  faulting  or  shifts  of  accommodation  which  are  not 
lo  easily  seen. 

Genesis  of  the  Helen  Iron-bearing  Rocks 

The  Helen  formation  is  chiefly  a  chemical  sediment,  but  it  is  also  in  part  meohan* 
ieal,  as  seen  by  the  beds  of  cherty  quartzites,  cherty  arkoses,  and  other  decidedly 
clastic  rocks  which  are  associated  with  it. 

It  has  been  mentioned  that  igneous  schists  rich  in  iron-bearing  silicates  (augite, 
hornblende,  etc.)  are  common  in  the  Lower  Huronian.  From  these  igneous  schists 
may  have  been  derived  the  ferruginous,  magnesic  and  calcic  material  of  the  ferruginous 
sediments.  The  ferruginous  material,  leached  from  the  igneous  rocks  was  probably 
dissolved  in  the  sea  water  either  as  carbonate  or  as  sulphate.  Owing  to  the  probable 
ixcess  of  carbon  dioxide  over  any  other  acid  present  in  the  dissolving  water,  it  would 
leem  reasonable  to  suppose  that  ferrous  carbonate  was  the  principal  salt  in  solution. 
[f  the  water  were  not  shallow,  and  the  ferrous  carbonate  in  solution  were  not  close  to 
the  surface  of  the 'water,  it  might  sink  and  be  deposited  simply  owing  to  excess  in 
lolution.  Similarly  the  ferrous  sulphate  niight  also  be  deposited.  Contemporaneously 
irith  the  deposition  of  the  ferrous  carbonate,  calcium  and  magnesium  carbonates  would 
[)e  formed  and  deposited  in  greater  or  less  amount.  At  the  same  time  that  these 
reactions  were  proceeding,  chert  was  being  formed  from  a  sea  water  rich  in  silica  (due 
U>  the  disintegration  of  the  silicates),  and  more  or  less  mechanical  material  derived 
From  the  decay  of  the  surroundng  rocks  was  laid  down  with  the  more  extensive  chem- 
ical deposit.  Within  the  oxidizing  influence  of  the  atmosphere  near  the  surface,  some 
)t  the  carbonate  may  have  been  oxidized,  and  unless  again  carbonatized  by  tha 
ibundant  carbon  dioxide  probably  present  in  the  water  tower  down,  would  sink  to 
•he  bottom  as  hydrous  ferric  oxide.  The  ferrous  sulphate  in  contact  with  the  oxidizing 
nfluence  of  the  atmosphere  would  similarly  be  oxidized  to  basic  ferric  sulphate.  The 
)hyllites  of  the  Helen  formation  contain  a  great  deal  of  carbonaceous  material.  It 
he  ferric  oxide  and  ferric  sulphate  were  deposited  within  the  influence  of  Ihis  material, 
hen  probably  the  ferric  oxide  would  be  reduced  to  ferrous  oxide  and  unite  with  th«« 
Mtrbon  dioxide  simultaneously  formed,  and  ferrous  carbonate  would  result,  while  the 
lulphate  would  be  reduced  to  sulphide  by  the  organic  material.  This  may  account  for 
;lie  abundant  iron  pyrites  deposited   with   the  various   cherts  of  the   iron   formation. 

Professor  Van  Hise  considers  that  the  carbonate  and  sulphate,  transported  to  the 
)rat«r,  were  oxidized  and  sank  to  the  bottom  in  this  condition  as  ferric  oxide  and 
>a8ic  ferric  sulphate.  They  there  came  in  contact  with  carbonaceous  matter,  and 
:arbonates  and  sulphides  resulted,  as  above  outlined.  This  may  be  the  correct  hypo- 
thesis, but  it  seems  remarkable  that  extensive  oxidation  should  have  proceeded  ia 
rater  sufficiently  rich  in  carbon  dioxide  to  dissolve  the  carbonates,  especially  at  depths 
Bway  from  sub-aerial  influence,  where  the  water  may  also  have  been  saturated  withr 
ferrous  carbonate.  Furthermore,  it  seems  hardly  reasonable  to  imagine  that  oxidation 
of  the  carbonate  in  the  solution,  and  the  alteration  of  the  oxide  back  to  carbonate, 
could  take  place  close  together. 

The  preponderance  of  ferrous  carbonate  over  calcic  and  magnesic  carbonate  in 
the  cherty  carbonates  of  the  Helen  formation  may  be  explained  by  the  importance 
action  exerted  by  these  salts  on  ferrous  sulphate.  This  action  depends  on  the  greater 
affinity  which  Qiagnesia  and  lime  possess  for  sulphuric  acid  than  for  carbonic  acid, 
and  on  the  instability  of  ferrous  sulphate.     These  reactions  may   be  thus  expressed* 

FeSO^  .  ra('(),-(^aS(),  i  FeCO, 
FoSO,  i-M^'TO,  -Mj?S0,4-FeCa, 

Calcic  carbonate  has  a  stronger  affinity  for  sulphuric  acid  than  magnesic  carbon- 
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ete,  and  in  this  way  may  be  found  an  explanation  for  the  excess  of  magnesic  carbonate 
over  calcic  carbonate  in  the  carbonates  of  the  Helen  formation ;  and  it  is  possible  that 
the  following  reaction  may  have  occurred: 

MjrS04    CaCO:,    MgC:<  )n  :  CaS( ), 
The  explanation  of  the  non-appearance  of  CaSO^    (gypsum  or  anhydrite)  is  the  much 
greater  solubility  of  this  salt  than  any  of  the  carbonates. 

It    ha.-.   bct'Ji    mentioned    that    tlic   iron-bearing^   rocks    of    the    Helen    formation  are 
in  part   of  mechanical   origin.      The   definitely    clastic  material   consists   of  the   three 
minerals,    quartz,    chlorite,    and   microcline,    and    there    are    probably    other   minerals 
repreM'ntod.       The  grains  of  the  s«-v^*ral  minerals  are  all  small  and,  as  no  pebbles  exist, 
it  is  presumed  that  there  is  no  pronounced  unconformity  between  the  Helen  formation 
and  the  rocks  beneath  it;  but  there  must  have  been  at  least  a  slight  break  to  permit 
the  corrasion  of  the  pre-existing  rocks.     Quartz  is  a  common  mineral  in   the  quart.'.- 
porphyry  schists  of  the  Lower  Huronian,  and  from   these  may   have  been  derived  the 
supply  (.f  tliat  mineral   in  the  Helen   formation.         Similarly,   hornblende,  augite  and 
biotitc  occur  in  the  earlier  rocks.     From  these  the  chlorit-e  may  be  a  product  of  decom- 
position.      The  occurrence  ot"  microcline  is  not  so  easily  explained.       ?aicrocl'.ne,  r>o  tar 
as  known,  is  not  now  recognizable  in  either  the  felsitic  schists  of  the  quartz-porphyry 
schists  —  the  only  acid  rocks  of  the   Helen   formation  in   which  it  might  be  expected 
to  occur.        It  is  quite  possible  that   all  the  microcline  may  have  disappeared   in  th'.* 
sericitization  of  these  schists,  though  this  seems  rather  a  contradictory  suggestion  t-o 
make  of   compact    ijojneous   material    when    it    has  withstood     alteration    fairly     well   as 
clastic  material   probably  as  fully   exposed  to  surface  and   deep-seated  metamorphism. 
Microcline    is   common    in    the   post-hurouian    acid   eruptivcs,    but   they    are   of   course 
later  than    the   Helen    formation.        However,   the  occurrence   of    abundant  microcline 
may  indicate  the  presence  of  acid  rocks  in  or  below  the  Lower  Huronian   other  than 
the   quartz  porphyry   and  felsite  schists.     The   post-Huronian  acid   eruptives   may   h(* 
the  re-fused  equivalents  of  these  earlier  acid  rocks. 

Pure  quartzites,  that  is,  rocks  consisting  chiefly  of  quartz  fragments,  are  very 
rare  in  Michipicoten,  and  with  the  clastic  material  there  is  always  more  or  less 
material  of  chemical  precipitation,  and  we  have  cherty  quartzites,  sideritic  quartzites. 
etc.  Similarly  rocks  consisting  chiefly  of  microcline  or  other  feldspars  are  never 
found  in  definite  connection  with  the  Helen  formation,  and  though  those  which  con- 
tain a  great  deal  of  microcline  are  spoken  of  as  sideritic  or  cherty  arkoses,  it  woulJ 
perhaps  be  more  correct  to  call  them  felspathic  siderites  or  cherts.  As  already  men- 
tioned in  connection  with  the  sedimentary  rocks  of  the  Michipicoten  schists,  true 
arkoses  are  found  on  Reed  lake,  but  there  is  no  reason  to  suppose  that  these  are  of 
the  Helen  formation. 

Most  of  the  chert  formed  would  be  deposited  free,  forming  sometimes  beds  of  pure 
chert:  a^ain  wlien  mixed  with  carbonate,  cherty  carbonate;  and  when  with  pyrites, 
pyritous  (hert.  From  a  subsequent  alteration  of  these  have  resulted  the  other  rocks 
(f  the  iron  ranpe.  It  is  possible  that  part  of  the  banded  chert  is  an  original  rock 
made  up  of  ferric  oxide,  derived  from  the  oxidation  of  ferrous  carbonate  at  the  surfa:e 
intcrbandtnl  with  chert;  and  this  suggestion  seems  to  be  supported  by  the  record  of 
borings  at  the  Helen  mine.  These  pass  through  alternate  layers  of  cherty  carbonace 
and  of  banded  chert. 

The  mode  of  origin  of  the  amphibolitic  schists  of  the  iron  formation  has  already 
been  briefly  intimated.  They  are  the  result  of  either  contact  or  dynamic  metamor- 
phism. The  banded  jaspers  arc  supposed  to  be  the  product  of  deep-seated  metamor- 
phism, and  in  the  Helen  iron  formation  apparently  occupy  stratigraphically  an 
inferior  position.  They  result  from  the  banded  cherts  by  dehydration *of  the  hydrous 
iron  oxide.  Originally  formed  at  the  surface  as  ordinary  ferruginous  chert,  bv 
sedimentation  in  b.^nds,  when  deeply  buried  and  folded  the  hydrous  iron  oxides  were 
dehydrated  and  changed  to  hematite,  which  gave  to  the  iron  its  specular  character 
and  altered  the  rusty  ferruginous  chert  to  crimson  jasper.     From  still  further  changes 
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to  the  sidcritic  chert,  banded  cherts  and  jaspers,  have  resulted  the  deposits  of  hema- 
tite. This  is  too  large  a  subject  to  be  considered  here,  but  briefly  it  is  a  process  of 
direct  oxidation  of  the  carbonate  and  partly  of  enrichment  duo  to  the  action  of 
descending,  and  to  a  less  extent,  of  ascending  waters  acting  upon  the  iron  sediments. 

Deposits  of  pyrites  and  of  pyrrhotite  occur  at  several  points  within  the  area  with 
which  this  report  deals.  As  already  mentioned,  they  are  supposed  to  result  from  the 
reduction  of  the  sulphate  by  carbonaceous  material,  which  is  found  commonly  in  the 
phyllites  of  the  iron  formation.  Apparently  at  these  places  the  sulphate  salt  was 
more  common  than  the  carbonate  salt  in  solution ;  or  it  is  possible  the  segregation  of 
the  sulphide  may  be  the  result  of  enrichment  due  to  mctasomatic  change  subsequent 
to  the  deposition  of  the  rock. 

It  was  noticed  that  great  quantities  of  the  iron  sediment  were  strongly  magnetic; 
particularly  the  banded  cherts,  and  even  more  so  the  banded  jaspers  and  amphibolit'C 
schists.  It  may  be  judged  from  this  that  the  magnetite  is  a  product  of  advanced 
metamorphism  and  is  probably  formed  by  the  deoxidation  of  hematite  or  limonite  in 
A  deop-seated  zone  or  alon;?  or  near  the  cont^ict  of  an  igneous  intrusion.  The  few 
small  deposits  of  magnetite  in  Michipicoten  have  always  been  found  where  one  or 
ether  of  these  phenomena  has  been  operative.  It  is  possible  that  magnetite  may 
als'i  be  formed  by  the  c;»»*cct  oxMu^ion  of  ferrous  carbonate,  as  at  one  point  at  least 
on  the  range  just  west  of  Iron  lake,  siderite  and  magnetite  were  found  in  intimate 
connection  close  to  the  edge  of  a  diabase  dike. 


EXTENT  OF  THE  HELEN  FORMATION 

Formerly  the  Helen  Formation  was  of  extensive  distribution,  and  though  at  present 
much  of  it  remains,  still  by  far  the  greatest  part  has  been  removed  by  inter-Huronian 
erosion  and  to  a  much  greater  degree  by  the  long  continued  post-Huronian  erosion. 
It  has  been  mentioned  that  the  rocks  of  the  western  Michipicoten  range  are  muo*i 
less  complexly  folded  than  those  of  the  northern  range.  For  this  reason,  in  pan 
the  removal  by  denudation  of  the  formerly  existing  iron-bearing  rocks  has  produced 
a  different  character  of  outcrop  in  the  case  of  the  western  as  opposed  to  the  northern 
range.  The  western  range  now  appears  as  several  generally  very  narrow  bands  lyin^ 
parallel  and  very  close  together  in  an  iron-bearing  belt  in  some  places  almost  half 
a  mile  in  width.  Phyllites  or  schists  of  igneous  origin  separate  the  narrow  bands  cf 
magnetic  cherts  and  other  ferruginous  rocks  from  each  other,  within  the  iron-bearing 
belt.  In  the  northern  range,  speaking  somewhat  roughly,  the  outcrops  of  the  formation 
make  up  two  more  or  less  widely  separated  bands,  running  each  in  a  general  way  east 
and  west.  These  bands  represent  the  opposite  limbs  of  the  complex  synclinorium  already 
mentioned  in  connection  with  the  northern  Michipicoten  Huronian  area.  Betwee.i 
the  two  bands  lie  the  thick  beds  of  the  Dore  formation.  In  the  west  of  the  area 
only  the  northern  limb  appears  prominently. 

Northern  Band  of  Northern  Range 

The  northern  band  of  the  northern  range  extends  brokenly  from  the  eastern 
tranch  of  the  Pucaswa  on  the  west  to  the  McKinnon  tote  road  near  the  Magpie 
river  on  the  oast.  For  some  three  miles  west  of  Bole  lake  narrow  outcrops  of  banded 
p.nd  very  magnetic  chert  can  be  seen  in  the  green  schists,  but  these  are  not  of  econom**: 
impoi-tance,  seldom  if  ever  exceeding  twelve  yards  in  width.  Eastward  from  Bole  lake 
the  really  wide  band  commences,  and  from  this  point  to  the  end  of  McDougall  prom- 
ontory at  Red  Pine  point  for  a  distance  of  about  four  miles  there  is  a  continuous 
outcrop  of  the  Helen  formation  occurring  in  a  series  of  high  cliffs  facing  south.  At 
Red  Pine  point  the  iron  range  disappears  below  the  waters  of  Iron  lake,  and  dop"* 
not  reappear  until  about  one  mile  west  of  Clear  Water  pond,  and  rather  more  than 
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two  hundred  yards  north  of  Iron  creek.  Here  two  parallel  bands  run  about  two 
hundred  yards  apart  and  are  supposed  to  be  the  opposite  limbs  of  a  syndine  of  the 
second  or  third  order,  and  both  part  of  the  northern  band.  These  sub-bands  are 
continuous  for  over  half  a  mile,  and  on  them  is  staked  the  Katossin  claim  hereafter 
described.  Some  three-quarters  of  a  mile  along  the  strike  from  the  place  where  they 
die  out;  one  or  other  reappears  at  a  point  about  one-quarter  of  a  mile  north  of  Pitch 
Pine  lake,  and  thence  is  continued  eastward  as  an  unbroken  band  almost  to  the  Do<; 
river.  East  of  the  Dog  river  is  a  narrow  band  of  rusty  pyritous  chert  less  than  % 
quarter  of  a  mile  long  and  of  no  economic  importance.  Farther  east,  north  of  the 
marsh,  on  the  portages  between  the  Dog  river  and  the  Frances  mine,  the  formatioi 
c»nce  more  shows  up,  appearing  first  as  narrow  lenses  in  nacreous  much-$heared 
quartz-porphyry  schist,  and  afterwards  as  several  closely  parallel  bands.  These  are 
continuous  ahnost  to  the  shores  of  Paint  lake,  where  the  formation  is  cut  by  the  higli 
{granitic  boss  forming  mount  Raymond.  From  this  point  for  some  distance  the  tracing 
out  of  the  iron-bearing  sediments  is  a  matter  of  extreme  diflSculty,  it  being  oftea 
almost  impossible  to  distinguish  between  schists  of  igneous  origin  and  those  formed 
from  tlie  sediments  duo  to  the  metamorphic  action  of  neighboring  granitic  intrusives. 
Roughly,  however,  the  wide  band  runs  directly  north  from  mount  Raymond,  bordered  to 
east  and  west  by  granite  or  quartz-porphyry.  About  one-half  a  mile  north  of  Paint  lake 
the  strike,  if  so  complicated  and  brecciated  a  structure  can  be  said  to  exhibit  strike, 
changes  to  north  60°  west,  and  the  band  assumes  that  direction.  Beyond  this  point 
the  few  isolated  outcrops  of  chert  and  schists,  both  profoundly  altered,  being  cut  by 
both  acid  and  basic  eruptives,  were  insufficient  to  explain  the  relations  existing 
between  the  two  rocks.  The  relatively  high  ridge  of  hills  which  extends  northward 
from  mount  Raymond  is  broken  by  many  wide  deep  valleys  marking  the  erosion  of 
former  dikes. 

Less  than  one  mile  and  a  half  in  a  direction  north  20^  west  from  mount  Raymond 
is  Morse  mountain.  On  the  southern  part  of  this  hill  chloritic  schist  alone  appears,  but 
the  northern  part  of  the  hill  shows  a  wide  outcrop  of  banded  and  rusty  chert-  which  con- 
tinue more  or  less  in  a  direction  north  30°  east  between  Heart  mountain  and  Gushing 
lake  for  a  distance  of  about  a  quarter  of  a  mile,  where  they  disappear  in  low  ground. 

Some  two  hundred  yards  cast  of  the  north  end  of  Heart  lake  is  a  narrow  band  of 
rusty  chert  about  650  yards  long,  running  in  a  general  direction  north  30^  east.  To 
€be  south  this  is  cut  off  by  basic  intrusives  which  near  the  contact  have  metamorphosed 
♦he  sediments  to  amphibolitic  schists.  In  this  direction  it  was  probably  formerly 
joined  to  the  Morso  mountain  band.  To  the  north  it  is  cut  oft  by  the  narrow  neck 
of  granite  and  quartz  porphyry  which  joins  the  main  northern  mass  of  post-Huronian 
acid  eruptives  with  the  smaller  Kabenung  lake  boss.  This  band  is  interesting  only 
from  a  scientific  standpoint,  as  it«  widest  part  is  only  some  fifteen  yards  across. 

Opposite  the  confluence  of  the  Crayfish  river  with  the  Dog  river,  in  the  thoroughly 
contorted  scliists  cut  in  every  direction  by  inclusives,  both  basic  and  acidic,  occurs  a 
narrow  lens  of  a  banded  actinolito-magnetite  schist  which  is  apparently  an  altered 
sediment  of  the  ITflen  formation.  It  is  only  a  few  yards  long  and  dies  out  in  "tails" 
in  the  schists.  Some  450  yards  west  of  Narrow  lake  the  formation  reappears  and  is 
traceable  brokenly  as  far  as  the  northern  arm  of  lake  Charlotte.  The  band  is  narrow, 
nowhere  exceeding  ten  yards  in  width.  Changes  of  strikes  are  frequent  on  this  band, 
the  vertically  standing  beds  running  at  south  70°  east  at  the  western  end  of  Narrow 
lake,  at  about  north  70°  east  at  the  western  end  of  lake  Charlotte,  and  bending  to 
the  former  direction  farther  east.  North  of  this  main  band  several  smaller  lenses 
occur  in  the  highly  metamorphic  schists  but  they  are  quite  unimportant. 

Along  the  northern  shore  of  East  Kabenung  lake  narrow  lenses  of  magnetic  chert 
f.rst  appear  in  the  fichjsts  towards  the  northwest  end  of  the  lake.  These  widen  to 
form  the  band  of  Magnetic  point,  and  of  the  adjoining  islands  to  the  east.  A  few 
lenses  also  occur  on  an  island  a  quarter  of  a  mile  still  farther  east.  From  this  point 
the  next  appearance  is  about  twelve  miles  farther  east  and  along  the  shore  of  Evans' 
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creek,  and  from  two  to  two  and  a  half  miles  northeast  of  Godon  lake.  Several  generally 
parallel  bands  occur  in  this  distance  of  one  half  mile  across  the  strike,  and  extend  for 
rather  more  than  a  mile  in  the  opposite  direction,  dying  out  near  the  McKinnon 
tote  road. 

Southern  Band  of  Northern  Range 

The  southern  band  of  the  northern  range  from  its  extremely  irregular  distribution, 
particularly  towards  the  western  end  of  the  area,  seems  to  have  suffered  greater 
transverse  folding  than  the  northern  band.  It  firstu  appears  suddenly  as  a  wide 
irregular  mass  of  cherts,  etc.,  at  the  Frances  mine.  About  two  miles  southwest  of  the 
P'rances  mine  a  narrow  lens  of  chert  appears  on  the  shore  of  a  marshy  pond,  but  this 
has  apparently  no  connection  with  the  main  southern  band.  Eastward  from  the 
Frances  mine  a  wide  muskeg  swamp  stretches  to  the  foot  of  Brotherton  hill — ^the 
next  outcrop  of  the  Helen  formation.  From  a  careful  study  of  the  structure  of  both 
the  Frances  hill  and  of  Brotlierten  hill,  I  feel  confident  that  all  of  the  iron  formation 
fk^hich  formerly  existed  between  these  two  hills  has  been  removed  by  erosion,  and  that 
the  low  swamp  indicates  the  weathering  of  the  softer  green  schists  below  the  hard 
rocks  of  the  iron  range.  East  of  Brotherton  hill  the  Helen  formation  dies  out  for 
some  miles,  to  reappear  as  several  generally  parallel  bands  to  the  east  of  No-fish  bay 
of  Kabenung  lake.  These  bands  have  a  general  northeastern  direction,  and  unite 
in  an  extraordinary  hill  at  the  northeastern  end  of  No-fish  bay  and  on  the  neck  of 
the  peninsula  between  No-Fish  bay  and  Perry's  bay.  From  this  point  the  united 
band  strikes  first  in  a  southeasterly  direction,  thjen  in  an  easterly  direction,  and  id 
continuous  to  the  south  of  White  Water  Lily  pond. 

West  of  the  entrance  of  Elmo  creek  into  lake  Elmo,  narrow  lenses  of  black  chert 
are  to  be  seen  in  the  schists.  East  of  the  creek  these  unite  to  form  a  decided  band 
of  variable  width,  and  of  more  or  less  regular  strike,  in  a  direction  north  80°  east, 
^hich  is  continuous  for  over  a  mile,  then  dying  out  in  the  tail-like  lenses  so  common 
\n  Michipicoten. 

East  of  Leach  lake  is  a  wide  appearance  of  the  Helen  formation.  Here  three 
decided  bands  and  many  smaller  sub-bands  appear  interstratified  with  the  schists. 
I  have  designated  these  bands  by  the  numbers  1,  2,  3,  4,  5,  6,  counting  from  west  to 
east,  from  where  crossed  by  the  township  line — ^the  northern  boundary  of  township 
90 — and  sub-bands  A  and  B,  the  former  a  part  of  band  3,  and  the  latter  a  part  of 
band  2.  Neither  of  these  sub-bands  crosses  the  township  boundary  line.  Band  3  is 
the  most  prominent  of  all.  Its  branch,  sub-band  A,  dies  out  just  south  of  the  forty 
end  one-half  mile  post,  but  soon  outcrops  once  more  and  is  continuous  more  than 
half-way  across  the  township,  running  with  a  regular  strike  almost  east  and  west. 

For  five  miles  to  the  southeastward  of  the  point  of  disappearance  of  sub-band  A 
no  outcrops  of  the  Helen  formation  were  observed.  Then  at  a  point  less  than  a 
quarter  of  a  mile  from  the  eastern  shore  of  Godon  lake  the  iron-bearing  rocks  again 
outcrop  prominently  and  run  in  a  narrow  broken  band  southward  to  the  small  poni 
lying  east  of  Pyrrhotite  lake  and  joined  to  it  by  a  narrows;  southeastward  from  thi« 
•mall  pond  the  band  is  traceable  as  a  narrow  lens,  appearing  at  wide  intervals  along 
the  exposed  western  face  of  the  ridge  of  hills,  running  to  the  east  of  Pyrrhotite  lake, 
lake  Marian,  Punk  lake  and  Emerald  lake. 

East  of  the  Magpie  are  the  Eccles  lake  claims,  located  in  the  southwest  corner  of 
township  28,  and  staked  on  a  great  many  narrow  lenses  of  Helen  formation  lying 
within  their  boundaries.  These  lenses  of  iron-bearing  rocks  may  be  said  to  mark  the 
link  between  the  northern  and  eastern  Michipicoten  iron  ranges.  They  were  somewhat 
burriedly  examined  by  the  writer,  and  will  be  discussed  in  connection  with  this 
report.    Though  from  a  geographical  standpoint,  being  east  of  the  Magpie  river,  they 


14  A  very  narrow  lens  was  found  about  three  miles  farther  wett,  but  it  Is  of  no  eoonomio 
•valatt. 
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may  be  8aid  to  belong  with  the  eastern  iron  range,  still  they  are  supposed  to  represen: 
the  continuation  of  the  iron-bearing  rocks  on  the  opposite  side  of  the  Magpie,  an'l 
bence  are  to  be  connected  geologically  with  the  northern  range  as  well. 

The  Western  Range 

The  western  Michjpicoten  iron  range,  or  the  Pucaswa  section,  may  be  said  to 
start  on  the  Lake  Superior  shore  about  three  and  a  half  miles  southeast  of  the  mouth 
of  the  Pucaswa  river.  At  this  point  fiome  ten  narrow  bands  of  iron  formation  appear 
interstratiiied  with  schists.  They  arc  traceable  for  only  a  few.  yards  back  from  the 
lake  shuro,  and  are  lost  beneath  a  sand-plain  which  extends  northward  almost  to  the 
bpnks  ol  the  Pucaswa  river.  Some  three  and  a  half  miles  slightly  east  of  north  of  tbi« 
first  appearance  of  the  western  range  is  the  second  outcrop  on  Laird's  claim.  Here 
several  narrow  bands  appear  in  the  schists  for  rather  over  a  quarter  of  a  mile  across 
the  strike,  and  run  for  about  the  same  distance  along  the  strike.  Less  tLan  half  a, 
mile  farther  east  the  bands  reappear,  not  far  north  of  the  Julia  river,  and  are 
biokenly  continuous  for  a  little  over  a  mile.  From  this  point  where  they  die  out  to 
the  western  end  of  David's  lakes  is  about  three  miles,  and  during  this  distance  a  few 
short  lenses  outcrop,  but  they  are  narrow  and  unimportant  and  extend  for  only  a 
few  yards  above  the  generally  level  and   little  broken  country. 

David's  lakes  are  situated  some  six  miles  north,  of  Red  Sucker  harbor,  and  ju«t 
north  of  the  headwaters  of  Pipe  river,  although  they  themselves  empty  to  the  eastern 
branch  of  the  Pucaswa,  south  of  which  they  lie  at  a  distance  of  rather  less  than  a 
mile.  Just  north  of  David's  lakes  and  extending  about  one  an4  three-quarter  mile«» 
to  the  northeastward  is  an  iron-bearing  horizon.  The  banded  cherts  which  compose 
this  horizon,  arc  cut  off  to  the  eastward  by  the  intrusive  granite  and  disappear  to  tho 
westward  in  low  ground.  On  the  bands  of  iron  formation  north  of  David's  lakes  ar-? 
staked  the  David  Katossin  claims. 

About  four  milcM  soutlieast  of  the  point  where  the  banded  cherts  of  the  David 
Katossin  claims  are  cut  off  by  the  granite,  they  re-appear  on  the  eastern  limit  of  the 
eruptive  rock  to  the  northwest  of  Maple  lake.  From  this  point  several  narrow  and 
parallel  hands  run  north  of  Maplo  lake,  and  extend  in  a  somewhat  broken  manner 
to  and  north  of  Lost  lake  to  the  Floating  Heart  creek.  The  band  crosses  Floating 
Heart  oroek  and  continues  eastward  to  Cameron  lake.  On  the  eastern  side  of 
Cameron  lake  only  a  few  scattered  and  very  narrow  lenses  are  visible.  From  Mapi^ 
Iflko  to  Lost  lake  the  western  range  is  much  drift -covered,  and  solid  rocks,  particu* 
larly  tho<e  of  the  Holon  formation,  do  not  outcrop  prominently,  so  that  it  is  practicall.v 
impo'^siblo  to  study  tho  rocks  of  this  section  in  any  detail. 

For  some  seven  miles  in  a  direction  somewhat  south  of  east  of  Cameron  lake, 
granitic  rocks  orcupy  much  of  the  surface  of  the  country,  and  intervene  between  two 
patcho^  of  Huron ian.  Not  far  from  the  eastern  margin  of  the  granite,  rocks  of  the 
Helon  formation  ap])oar  iioar  the  headwaters  of  Fall  creek  and  at  about  two  miles 
from  tho  Lake  Siiporior  ^horo.  They  occur  in  disconnected  scattered  lenses  which  ma.v 
be  traced  southward  to  tho  Lake  Superior  shore,  whore  thoy  outcrop  a  short  distance 
west   of  tho  uioutli   of   Fall  creek. 

About  a  nii'c  and  a  half  north  of  the  mouth  of  the  Pucaswa  is  the  Edey  claim 
staked  on  iroii-hoarinji  rocks  which  have  no  structural  resemblance  to  the  rocks  of 
the  western  Michipicoton  ranpe  proper,  but  which  geographically  belong  with  the 
western   Huronian  area. 

Somo  ton  iiiilos  in  a  diroctou  north  *J<>^  ^ast  of  tho  mouth  of  the  Pucasw?*  is  the 
Lorno  prospect  of  impure  mas^^notito.  which  occurs  near  the  shores  of  McDougall's 
lake  in  highly  niotamorphic  schists,  a  very  small  inlier  of  I^wer  Huronian  rocks 
within  uranito.  Those  interest inc  rock-?  have  no  visible  connection  with  either  the 
restorn  or  northorn  Michipicoton  Huronian  areas,  but  I  am  of  the  opinion  that  they 
ore  to  be  conn«vtod  with  tho  latter,  since  they  are  almost  on  the  line  of  the  strike  of 
tho   narrow    bolt   of  Huronian   rocks  which   extend  south  of  west    from    Iron  lake. 
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Th«  bands  of  richly  ferruginous  cherts  which  appear  on  the  GroB  Cap  peninsultt 
ar  Michipicoten  harbor,  and  which  belong  with  the  eastern  range,  may  be  the 
ntinnation  of  the  banded  cherts  of  the  western  range  which  dip  below  Lake  Superior 
Bt  west  of  Fall  creek. 


SPECIAL  AREAS  OF  IRON  FORMATION 


Iron  Lake 

The  Iron  lake  area  extends  from  Bole  lake  on  the  west  to  Red  Pine  point  at  the 
item  end  of  MacDougall's  promontory.  It  is  the  widest  and  longest  coptinuoui 
ad  in  the  district,  being  over  two  and  a  half  miles  long  and  havinn  a  mazimuni 
]th  of  a  little  over  1,100  feet. 


In.n  (. 


It  appears  topographically  as  a  relatively  high  range  of  hills  of  more  or  leal 
;ular  angular  outline,  prosonting  steep  cHffs  relieved  by  tains  to  the  south  and  more 
ping  faces  to  the  north,  and  cut  across  by  fieqncnt  rallcys  which  represent  eroded 
tea  or  fissures.  Tbi  bniid  fonsists  ot  a  srries  of  closoly  compressed  south-dipping 
clinal  folds,  with  minor  pitches  to  east  and  west  and  major  pitch  to  the  east.  The 
ection  of  pitch  of  folds  of  the  iron  formation  is  often  difficult  to  discover.  Actual 
«hing  troughs  or  arches  were  not  often  observed  in  the  field,  and  the  piteh  of  the 
iclines  was  judged  generally  by  the  slight  persistent  divergence  of  the  strike  on  the 
posing  limbs.  In  a  general  way  the  pitch  is  probably  to  the  west  'i^S  Bole  lake 
i  to  the  east  near  Van  Kvera's  lake — certainly  to  the  cast  (with  high  angle)  near 
1  shacks  formerly  occupied  by  the  Minnesota  Iron  Company,  and  again  in  the  same 
ection  at  a  point  about  half  way  between  the  shacks  and  the  western  end  of  Min- 
<ot«  bay  (and  at  an  angle  of  about  45").  From  this  point  it  -a  probably  towards 
I  east  as  far  as  the  di:ibnse  dike  which   runn  almost  north   mid  south  near  the  foot 
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of  Minnesota  bay,  and  may  be  from  the  opposite  direction  on  tbe  opposite  side.  The 
outlet  of  Windigo-Weas  lake  into  Iron  lake  is  along  an  eroded  diabase  dike,  and 
from  the  conditions  of  jointing  seen  on  either  s'de  of  this  dike,  it  is  presumed  thit 
the  pitch  is  away  from  the  dike  in  opposite  directions.  To  the  eajst  of  the  dike  th« 
dip  of  the  jointing  planer  is  to  the  west,  and  west  of  the  dike  nearly  vertical  or  poe- 
M'bly  slightly  to  the  east.  Since  in  joints  due  to  torsion  the  direction  of  the  jointing 
plane  is  roughly  perpendicular  to  the  dip  of  the  strata,  and  since  the  pitch  is  a  form 
of  dip.  it  is  presumed  that  the  direction  of  the  pitches  of  the  troughs  are  at  right 
angles  to  the  dips  of  the  jointing  planes  and  hence  in  the  direction  named. 

The  general  trend  of  the  Iron  lake  band  is  more  or  less  uniform  from  Bole  lake 
to  the  Minnesota  shacks,  the  strike  being  about  north  80^  east.  The  Minnesota  shacks 
l?e  in  the  valley  formed  along  the  eroded  plain  of  a  thrust  fault.  Here  the  beds  turn 
sharply  to  the  north  and  then  north  65°  east,  and  this  general  course  is  maintainad 
to  the  point  where  the  bands  dip  below  the  waters  of  Iron  lake  at  the  end  of  Ma^- 
Dougairs  promontory,  though  numerous  small  irregularities  and  even  autoc^st'c 
breccias  occur.  The  d»p  is  always  to  the  south  at  an  angle  varying  from  55^  to  the 
vertical. 

The  Iron  lake  hand  is  liordered  to  the  south  by  a  narrow  layer  of  quartz-porphyr/ 
schist  Acparatin^:  it  from  the  Dore  conglomerate*.  This  schist  seldom  outcrops,  but 
its  position  can  easily  be  followed  by  the  narrow  valley  which  runs  parallel  to  the  iron 
range,  and  which  shows  that  erosion  has  eaten  through  the  higher  iron  formation  into 
the  lower  schists.  At  some  points  near  Bole  lake  the  iron  range  seems  to  be  in  almost 
immediate  contact  with  the  conglomerate,  as  no  schist  outcrops  and  the  valley  reduced 
to  a  minimum.  To  the  north  of  the  range,  the  bordering  rocks  are  as  a  rule  pinkish, 
greenish  or  yellowish  felsite  and  quart z-p^rphyry  ^^^hists,  often  silicified  or  carbon- 
atizod.  but  at  one  point  at  least  aniysdahtid^l  chlorite  schists  may  be  found  in  clow 
proximity.  The  quartz-porphyry  schist  on  the  north  side  of  the  iron  formation  »i 
lithologically  almost  identical  with  that  on  the  south  side,  and  it  is  presumed  that 
tJiey  represent  the  opposite  limbs  of  a  synclinorium. 

Dikes  of  diabase  traverse  the  iron  ran^e  at  four  points.  One  running  in  a  direction 
south  7i'"^  oast  cuts  the  *iodimentiS  along  the  nortli  shore  of  Bole  lake.  A  S6<^nd  ruQ- 
ninc  about  southeast,  outcrops  prominently  as  a  west  facing  cliff  just  west  of  the 
Minnesota  shacks.  A  third  with  a  course  north  and  .south  is  exposed  near  the  foot 
of  Minno-otf^  hay.  It  app»:irs  only  towards  the  north  of  the  iron  range,  but  its 
course  southwird  i^^;  marked  by  the  path  of  a  small  stream.  A  fourth  dike  is  the  one 
whi<h  follows  the  outlet  of  Windigo-Weaig  lake,  seen  in  numerous  oulcrops  to  rui 
hhout  <oiith   lo"^   west. 

Dimensions  and  Relationships  of  Band 

Tho  ranizo  has  '\  width  of  *^oine  46*.^  fe*.«t  on  the  side  east  of  the  dike,  at  Bole 
Ifiko.  of  about  6(X)  fot^t  (possibly  inore^  at  a  point  about  one-half  mile  west  of  the 
MinnoMita  shacks.  Eastward  trom  the  fault  line  it  gradually  widens,  and  north 
from  tlu^  f«Mt  of  Minnosotn  hay  lins  a  width  of  1,0;50  feet.  From  this  point  the  south- 
ernmost part  oi  tho  brind  di^Mppears  below  the  waters  of  Iron  lake,  and  the  northern 
becomoN  intermixed  with  phvllitoN  nnd  srhists.  To  the  west  of  W^ndigo-Weas  lake 
nnd  hot\vrt>Ti  that  body  oi  wntor  nnd  the  main  lake,  the  outcrop  has  a  width  of  some 
4(V1  ivo*  ahovo  water,  and  wbon  it  di^appoars  altogether  below  the  water  at  McDougaH^ 
promontory  it  has  a  width  oi  *2-"H^  foot.  North  of  the  main  band  and  running 
appro\imat«'ly  parallel  with  it  aro  "^ovoral  narrow  bands,  more  or  less  persistent  for 
a  few  hundred  yard^.  Those  hands  are  tho  pinched-in  remnants  of  aynclines  of  » 
higher  order  than  the  main  hand,  with  whieh  they  were  formerly  connected  before 
erosion  had  procetnled  so  far  a-*  it  ha<  at  present.  The  most  prominent  of  these  i* 
•t  Windigo  Bones  po»nt,  where  the  wdth  is  about  fiftv  feet. 


...: h. 
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Lithologically,  practically  all  the  rocks  of  the  Michipicoten  iron  range  are  repro- 
ited  at  Iron  lake.  The  prevailing  type  is  a  somewhat  impoyerished,  banded  chert, 
Qost  always  magnetic.  Towards  the  northern  part  of  the  range  are  the  less  weathered 
rieties,  and  true  banded  jaspers  showing  distinct  separated  layers  of  jasper  anS 
gnetite  arc  observed  in  many  places  along  this  face.  On  the  exposed  southern  face 
the  cliff  to  the  west  of  Iron  lake,  the  iron-bearing  rocks  are  much  decomposed,  and 
the  valley  below,  particularly  near  the  edge  of  the  Dore  conglomerate,  consist  of 
ity  granular  or  sandstone  chert. 

The  much  jointed  cherts  facing  the  water  along  the  north  shore  of  Minnesota 
Y  are  extremely  sidcritic,  whereas  their  opposite  slopes  are  often  jaspyllit'c.  Coarse* 
lined  chloritic  siderites,  in  intimate  connection  with  highly  magnetic  baiided  jaspers, 
'upy  an  adjoining  position  just  west  of  the  third  dike  described  above,  and  their 
ations  may  possibly  indicate  that  the  latter  is  a  mctamorphic  product  of  the  former, 
e  sedimentary  origin  of  these  particular  coarse-grained  siderrEes,  interbanded,  wi61i 
3  iron  formation  seems  questionable.  They  may  simply  represent  the  extreme 
ase  of  carbonization  of  the  much  altered  intrusive  igneous  rocks — dolorites  of 
iba£es  which  have  been  already  described  as  consisting  in  large  part  of  siderite  of 
ler  carbonates. 

Associated  with  the  cherty  ferruginous  rocks  phyllites  occur  in  several  placee — 
tably  in  the  valley  between  Windigo  Bones  point  and  Red  Pine  point,  and  the 
;rty  sideriles  along  McDougall's  promontory  contain  so  much  chlorite  or  microcline 
it   they   become   sidoritic  slates   or   arkosos. 

The  numerous  chloritic  sideritic  schists  interbanded  with  the  iron  formation  are, 
:hink,  all  of  igneous  origin,  though  vsome  of  the  narrower  sheets  towards  the  nortn 
the  range  may  be  sedimentary.  Those  sheets  are  limited  almost  entirely  to 
'Dougairs  promontory  and  just  west  of  it,  whore  by  their  occurrence  the  value  of 
»  iron  formation  is  greatly  deteriorated  by  lessening  the  amount  of  rock  from  which. 
TUginous  material  can  be  drawn  and  by  preventing  by  their  imperviousness  the 
eral  flow  of  meteoric  waters,  since  both  free  circulation  and  abundant  iron  formation 
3  requisite  for  the  development  of  a  large  ore  body. 

The  metamorphic  influence  of  the  smaller  intrusive  dikes,  etc.,  upon  the  iron 
*mation  is  not  pronounced.  The  contact  phenomena  are  comparatively  slight,  being 
jwn  only  by  the  ^^'('•itor  amount  of  magnotite  close  to  the  dike  than  at  some  distance 
)m  it.  On  the  other  hand,  the  propyllitization  of  the  narrow  dikes  by  solutions 
rived  from  the  iron  formation  is  general,  and  will  be  discussed  later.  The  wide 
Rs  of  magnetic  diorite  existing  north  of  the  Algoma  Oxnmercial  Company's  shacks 
Minnesota  bay  has  greatly  altered  the  rocks  into  which  it  has  been  intruded,  which 
r  over  a  quarter  of  a  mile  north  of  the  boss  strongly  deflect  the  magnetic  needle, 
le  altered  rocks  consist  chieflv  of  magnetic  epidote  schists,  with  probably  some 
agnetite  amphibole  schists.  They  are  apparently  often  altered  sideritic  slates,  though 
nch  of  them  may  be  altered  iirnoous  schists,  and  only  a  comparatively  small  portion 
^ve  been  proved  to  be  undoubtedly  sedimentary.  The  origin  of  most  of  these 
egnetite  bearing  rocks  is  difficult  to  decide  definitely,  owing  to  the  extreme  degree 
'  metamorphism  and  the  somewhat  confused   field   relations. 

South  of  Van  Evera's  lake  and  near  Bole  lake  the  banded  cherts  are  hii^jhly  ferru- 
■nons.  In  the  ferruginous  cherts  south  of  Van  Evera's  like  occur  small  pockets  six 
f  seven  inches  wide  of  a  hydrated  hematite.  On  th»^se,  test  pits  were  sunk  by  the 
Minnesota  Iron  Company,  but  the  iron  improved  neither  in  quantity  nor  (quality  in 
ascending.  A  great  deal  of  test-pitting  and  stripping  has  also  been  cnrried  out  at 
'^^e  lake,  but  these  operations  were  not  conducted  along  the  contact  wilh  the  over- 
'ing  formation,  apparently  the  most  likely  spot  at  this  locality  for  the  occurrence 
^  *n  ore  body. 
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Ore  Showinfi^ 

Along  the  range  between  the  Minnesota  shacks  and  Iron  lake  a  considerable 
amount  of  stripping  has  been  done,  much  test-pitting  carried  out,  three  tunnels  rui 
pnd  one  shaft  sunk  on  small  pockets  of  ore  visible  on  the  surface. 

The  entrance  of  the  first  tunnel  is  about  200  feet  northeast  of  the  shacks.     The 
tunnel  runs  to  the   northeastward   into  the   pronounced   west   facing    cliff.        At  th> 
entrance  to  the  tunnel  soft  bluish  hematite,  much  mixed  with  chert,  appears  on  the 
walls.     About  seventy-five  feet  higher  up  the  hill,  and  some  fifty  feet  or  more  farther 
east,  is  a  second  tunnel  which  enters  the  hill  in  a  southeasterly  direction,  and  then 
turns  northeastward.     The  ore  showing  here  is  of  better  quality  than    at  the  lower 
tunnel,    and  consists  of  bluish   soft   hematite,  with  specks  of   quartz.     The  ore  body 
apparently  has  a  vertical  thickness  of  at  least  twelve  feet,  and  becomes  less  ferruginous 
and  merges  into   the    chcrty    rocks    above,    which    contain    comparatively    little  iron 
Downward  the  face  of  the  hill  is  covered  with  talus  and  the  extent  of  the  ore  body 
in  that  direction  is  not  traceable.     I  understand  from  Mr.  Robert  Murray,  formerly 
ill  charge  of  the  exploration  work  carried  on  at  Iron  lake,  that  the  ore  became  more 
R'Kicious  away   from   the  outcrop.     The  third  tunnel   is  excavated   into  the  hill  at  a 
point  about  250  yards  east  of  the  other  two,  just  north  of  the  trail,  which  conne^is 
the  Minnesota  shacks  with  Minnesota  bay.     It  was  carried  into  the  hill  for  a  distance 
of  ICO  feet.     Pockets  of  good  soft  ore  (hematite)  occur  for  this  distance,  but  are  much 
mixed  with  chert.       The  tunnel  has  a  height  of  eight  feet  above  the  shelving  bank, 
end  a  width  of  about  six  feet,  and  these  dimensions  may  be  said  to  mark  the  limits 
of  the  ore,  at  least  above  ground.     Above  the  ore  and  standing  in  marked  contrast 
lA  an  area  of  almost  pure  white,  very  quartzose  chert,  showing  no  banding.     The  ore 
itself  is  soft  reddiflh  hematite,  and  with  some  botryoidal  and  rusty  hydrous  hematite. 

Analyses   were  made   of  various  specimens  of  ore,    and   of  enclosing   iron-bearing 
locks  from  the  Iron  lake  area.     The  results  of  the  analyses  follow  below.     Number  i 
is  an  iron  ore  from  the  upper  tunnel  (second  tunnel  above  described),  and  may  be  said 
to  represent  one  of  the  relatively  rich  ores  of  this  locality.     It  will  be  seen  that  M 
far  as  sulphur  and  phosphorus  are  concerned,  the  ore  is  of  Bessemer  quality,  but  it  is 
low   in   iron  content.       However,  it  is  a  soft  ore,   and  if  it  existed  in  quantity,  would 
certainly   be  marketable.     Number   2  is  a  soft  and  often  very   red  limonite   from  the 
tunnel  on  the  trail    between    Minnesota    bay    and    the    fihacks    (third    tunnel    abo?e 
described).     Number  3  is  a  soft  ore  jasper  from  the  same  tunnel.     In  the  field  the  rock 
i-'  very   irregularly  banded,   and  consists  of  pinkish  chert  gathered  in  irregular  areas 
with  impure  purplish  chert   and  streams  of  rich  dark   red  hematite.      Number  4  is  8 
jaspyllite  from  McDougalUs  promontory,  consisting  of  interbanded  pinkish,  somewhtt 
ciyst«allino  chert,  reddish  very  silicious  ore  and  streaks  of  specular  hematite.     Numbar 
5   is   a   pyritons  cherty  siderite  of  an    opalescent  bluish  gray   color,  from    flank  of  hili 
facing  Minnesota  bay.       Number  6  is  much  the  same  only  darker  in  color,  from  Red 
P\i\v  point,  while  niinibcr  7  is  from  a  boulder  of  cherty  siderite  found  in  the  drift  on 
the  portafzip  hotwoen   Iron  lake  and  Minnesota  bay. 

Pe.  P.       8. 


No.    1 59.52  .04  .02 

2 54.76  .036  .02 

3     36.03  —  — 

4    21.14  —  — 


Si  iX 


Xt».  5 S4  . 7(> 

No.  r» si.sr> 

No.  7 (52.7s 


Fe 

0 

Fo., 

0, 

CaO 

MgO 

COo 

1 

S 

-. 

(1 

.82 

o 

.80 

traw. 

.28 

3.75 

.70 

r 

9 

.i»7 

1 

.:v,\ 

trace. 

.30 

5.49 

M 

J 

17 

.S7 

o 

.17 

trace. 

1.42 

12.11    . 

— 

1905  Iron  Ranges  of  Michipicoten  West  321 


A  Promising  Prospect 

It  has  been  a  matter  of  general  comment  among  geologists  and  mining  men  gener- 
Uy  on  the  south  shore  of  Lake  Superior  where  large  ore  bodies  have  long  been  developed, 
bat  these  bodies  occur  in  places  where  certain  definite  geological  conditions  have  beea 
ealized.  These  conditions  have  been  enlarged,  upon  by  various  geologists, >s 
nd  it  is  unnecessary  for  me  to  more  than  mention  them  here.  The  presence 
I  an  impervious  basin  beneath  the  ore  formed  either  by  igneous  schist,  sedi- 
lentary  slate  or  eruptive  rock,  is  a  striking  feature  generally  observed  in 
onnection  with  all  large  ore  bodies  in  regions  of  similar  geological  conditions 
s  exist  in  Michipicoten.  This  basin  may  be  a  pitching  trough  sloping  from 
wo  directions  to  a  common  centre,  formed  by  transverse  folding  of  longitud- 
lal  folds,  or  this  larger  trough  may  be  divided  into  several  smaller  troughs 
y  transverse  dikes.  Contact  planes,  much  fractured  iron  formation  giving  free 
assage  of  circulating  waters,  a  wide  outcrop  of  iron  formation,  and  in  general  a  much 
ecomposed  and  doferruginizcd  surface  outcrop,  are  generally  also  connected  with 
•on  ore  deposits  of  this  sort,  when  of  economic  importance. 

It  will  be  seen  that  at  Iron  lake  wo  have  ideal  conditions  for  the  development 
r  ore  bodies.  Firsts  an  abundant  iron-bearing  formation.  Second,  pitching  troughs 
a  an  impervious  basement  of  various  green  schists.  Third,  numerous  secondary 
ructures  developed,  faulting,  jointing,  brecciation,  etc.,  allowing  free  circulation 
F  iron-bearing  solutions  and  permitting  the  enrichment  of  the  ore  bodies.  Large 
uantities  of  ore  are  certainly  not  found  at  the  surface,  and  if  they  exist,  as  seems 
robable,  they  are  either  beneath  the  rock  surface  or  else  are  covered  by  sand  oi 
her  drift  or  talus.  As  the  truncated  isoclinal  folds  dip  to  tho  south^  it  would  appear 
referable  to  conduct  exploration  for  ore  bodies  from  that  side.  The  cross  diabase 
ikes  act  as  barriers  to  the  iron-bearing  waters  and  cause  tho  dcposiOons  of  ore  where 
le  trough  pitches  towards  the  dike,  hence  there  would  be  near  the  dike  a  position 
i  the  south  side  which  would  soeni  especially  favorable.  There  are  many  such 
>sitions  which   combine  these   favorable   conditions   at  Iron   lake. 

The  Iron  lake  range  is  on  the  whole  an  exceedingly  desirable  and  likely  prospect, 
id  there  is  apparently  no  reason  why  ore  bodies  should  not  be  found  there. 

Tlie  Katossin  Claims 

The  bands  of  the  Helen  formation  on  which  the  Katossin  claims  are  staked,  are 
tuated  north  of  Iron  creek  and  of  Clearwater  pond.  It  has  already  been  men- 
ioned  that  they  are  continuous  for  about  one-half  mile,  and  that  they  represent 
he  opposite  limbs  of  a  synclinal  fold  of  a  second  or  third  order.  At  the  surface 
loither  band  is  of  great  width,  seldom  exceeding  twenty-five  yards  across.  They  are 
:oth  complexly  anticlinal  in  structure,  and  the  north  band,  at  least,  shows  greeA 
schists  overlying  on  both  sides.  From  this  it  is  presumed  that  the  schist  occupies  the 
top  of  the  trough  between  the  two  bands,  though  comparatively  few  outcrops 
either  of  schist  or  of  Helen  formation  appear  above  the  sand-plain,  and  it  is  difficult 
to  make  sure  on  this  point.  The  extent  of  the  iron  formation,  particularly  adjoining 
the  north  band,  was  traced  by  magnetic  observation,  and  waa  found  to  continue  for 
thirty  or  forty  yards  at  least  on  either  side  beneath  the  schists.  Moreover  the  diflFerent 
)utcrops  were  connected  in  tho  same  way  along  the  line  of  strike,  although  the  north 
>and  was  not  actually  joined  to  the  south  one  by  this  means. 

Lithologically,   the   north   band   consists  chiefly  of  pyritous,  very  magnetic,  cherts, 
ten  rusty  and  impoverished,  and  of  intcrbanded  crimson  jasper  and  bluish  magnetite 

specular  hematite.     The  latter,   which  may  be  called  jaspyllites,  sometimes  contain 
"^iich  iron  ore  as  practically  to  be  considered  an  iron  ore.     The  south  band  is  made 

o^  niuch  the  same  material,  though  rather  more  decomposed   and  less  jasper-like. 

r^  See  "The  Exploration  of  the   Ontario  Iron  Banges,"  by  A.  B.  Willmott,  Joamal  of  the 
tcfi«xi  Kininff  Inetitute,  Vol.   VII.   pp.  257-261. 
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AnalyBBB  were  made  of  seTeral  Bpecimens  from  the  KabMsin  claim,  all  from  tte 
north  band,  and  the  resnita  are  given  below.  Number  8  and  Number  9  are  r'ch 
magnetic  cherte,  and  Number  10  is  (me  of  the  very  rich  jaBpyllitea. 
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The  general  strike  of  both  the  north  and  south  bands  ia  north  85'^  east,  and  the 
dip  both  to  north  and  south,  though  generally  the  latt«r. 

Basic  dikes  certainly  traverse  the  south  band  and  probably  the  north  one  shn. 
Tho  trougha  pitch  sometimes  at  a  high  angle,  sometimes  at  a  very  low  angle  to  the 
tastn-ard,  so  that  closed  pitching  troughs  favorable  fo  ore-deposition  are  common,  soJ 
M^ondary  shearing  along  the  bedding  planes  has  produced  micaceous  specular  haa«- 
tit«.  Schists  usually  of  the  fine-grained  chloritic  type,  are  found  freely  pinched-'U 
with  the  iron  sediments,  and  it  is  not  always  possible  to  tell  the  relative  age  of  the 
iron  formation  and  of  the  schists  It  is  also  impossible  to  even  attempt  an  eetinwt'^ 
of  the  thickness  of  the  beds.  The  minimum  may  be  set  at  ten  feet,  and  is  probabl;r 
many  times  greater. 
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On  Iho  ivliolc  from  surface  examinations  the  Katossin  claims  do  not  seem  at 
fiist  sight  n  promising  prospect,  but  when  it  is  remembered  that  the  entire  trough 
(.-■tw.-i'n  the  liands  is  probably  occupied  beneath  the  saud  and  schist  (certainly  ii.t 
of   great  depth)  by  an   unknown   and   perhaps  great   thickness   of  iron    sedimenta,  thi 

ifonoiiiic  imssiLiilities  of  tlio  claims  seem  more  farorabte. 

West  of  the  Dog  River 

"-.liiartor  of  a  mile  north  of  the  east  end  of  Pitch  Pine  lake  bedi  ■< 
o>.  appear  above  the  Kenoral  low  Krouud,  and  are  interruptedly  ooB- 
:   to  the  Dog  river,  a  distance   of  about   thre6.^uarters  of   »   mite.    Ik* 
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ferruginoufi  rocks  form,  a  comparatively  narrow  band  seldom,  if  ever,  exceeding 
thirty-five  yards  in  width,  bordered  to  the  north  by  soft  chloritic,  sometimes  nacreous 
felsitic  or  quartz-porphyry  schists,  and  to  the  south  by  black  phyllites  or  quarts  por- 
phyry schist. 

The  exact  structure  of  the  band  was  unidentifiable,  but  apparently  it  consists  of 
a  series  of  very  closely  compressed  isoclinals.  The  strike  varies  from  north  65^  west 
t«  wards  the  eastern  end  of  the  band  to  north  85^  west  at  the  opposite  end.  The  dip 
is  generally  vertical,  but  is  occasionally  to  the  south. 

The  rocks  consist  entirely  of  rusty  banded  chert,  often  pyritous  and  occasionally 
magnetic.  The  quartz-porphyries  associated  with  and  bordering  the  iron  formatioa 
are  greatly  silicified,  and  in  places  carbonatized.  These  altered  schists  have  often  a 
strong  lithological  resemblance  to  the  Helen  sediments.  The  phyllites  which  appear 
along  the  south  side  of  the  band  at  one  or  Iwo  points,  are  black,  fine-grained,  and  very 
I  egularly  crenately-banded . 

Paint  Creek  and  Mount  Raymond 

The  Paint  Creek  band  starts  as  a  number  of  narrow  lenses  in  the  mashed  quartz- 
porphyry  north  of  the  marsh  which  lies  just  east  of  the  portage  from  the  Frances  mine.. 
to  Paint  lake,  and  is  continuous  as  one  larger  band  and  several  smaller  unimportant 
sub-bands  almost  to  Paint  lake,  a  distance  of  over  a  mile,  where  it  is  cut  by  the  granite 
buss  forming  mount  Raymond.  Beyond  mount  Raymond  it  bends  sharply  to  the  north- 
ward and  may  be  traced  as  one  wide  mass  for  over  half  a  mile.  The  range  appears 
as  a  low  line  of  hills  to  the  west  gradually  rising  to  mount  Raymond,  which  has  an 
altitude  of  about  three  hundred  feet,  then  dropping  slowly  towards  the  north.  The 
iron  formation  west  of  mount  Raymond  will  be  described  as  the  Paint  Creek  band, 
while  north  of  mount  Raymond  will  be  considered  as  the  mount  Raymond  band. 

The  Paint  Creek  beds  have  a  maximum  width  towards  the  west  of  one  hundred  an.l 
axty  feet,  and  are  generally  much  narrower,  but  to  the  eastward  they  rapidly  widen 
«nd  have  near  mount  Raymond  a  width  of  over  seven  hundred  feet.  Towards  the  west, 
CfUartz-porphyry  schist  of  the  underlying  green  schists  strongly  predominates  over 
the  iron-bearing  rocks.  The  latter  appear  at  intervals  within  the  schists  only  as 
narrow,  shallow  outcrops,  which  represent  the  eroded  remnants  of  former  deep  syn- 
dines.  As  the  range  increases  in  height  to  the  east,  the  quartz  porphyry  schist  becomes 
leas  important  in  the  belt,  and  finally  dies  out  altogether. 

The  strike  of  the  range  varies  from  south  80^  west  on  the  west  to  north  80°  west 
or  the  east.  The  dip  of  the  beds  varies  slightly  from  the  vertical  both  to  north  and 
south,  and  the  pitch  is  probably  for  most  of  the  length  of  the  trough  to  the  east, 
though  from  the  relations  of  the  parallel  range  at  the  Frances  mine  it  would  seem  to 
le  to  the  west  for  at  least  part  of  the  distance.  Three  visible  cross  dikes  of  diabase 
ti  averse  the  range,  and  as  mentioned  above,  a  wide  boss  of  granite  cuts  it  off  near 
Paint  lake. 

The  prevailing  type  of  rock  is  a  rusty  impoverished  granular  or  banded  chert, 
often  pyritous,  occasionally  sideritic,  and  sometimes  magnetic.  The  eruptive  granite 
of  mount  Raymond  has  altered  the  Helen  sediments  both  physically  and  chemically. 
The  beds  have  been  much  contorted  and  brecciated.  The  banded  ferruginous  chert 
has  been  changed  to  magnetite  actinolite  schist,  and  magnetite  griinerite  schist.  Small 
contact  metamorphic  deposits  of  very  impure  magnetite,  which  contains  21.42  per  cent, 
metallic  iron,  have  been  formed  near  the  edge  of  the  boss  in  the  porous  iron  formation, 
and  a  wide  quartz  vein  which  is  highly  pyritous  and  slightly  auriferous,  has  developed 
in  close  proximity.  This  quartz  vein  is  at  least  fifty  feet  wide  and  probably  thr-ie 
hundred  yards  in  length,  though  this  could  not  be  definitely  ascertained.  It  was 
probably  formed  by  the  metasomatic  impregnation  of  the  iron  sediments  Hy  quarts, 
bearing  slightly  auriferous  pyrites,  and  probably  some  other  sulphides,  brought  oy 
hydrothermal  waters  marking  the  dying  stage  of  volcanism. 
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The  islands  of  the  western  part  of  Paint  lake  and  the  eastern  mainland  opposite 
them  are  composed  of  hard  dense,  fine-grained  garnetiferous  zoisitic  schist,  resembling 
a  hornfels  in  the  field.  It  is  often  rusty,  due  to  the  oxidation  of  the  large  amount  of 
iron  pyrites  which  it  contains.  This  rock,  on  account  of  its  megaficopical,  lithological 
resemblance  to  unquestionable  clastic  sedimcntaries  and  because  of  the  absence  of 
any  definite  igneous  characteristics,  when  studied  microscopically  has  been  considered 
as  a  much  altered  slat«,  but  it  is  possible  that  it  may  be  more  correctly  a  highly 
metamorphosed  chloritic  schist. 

The  structure  of  the  complicated  mass  of  rock  near  mount  Raymond  is  exceedingly 
difficult  to  study,  owing  to  the  confused  nature  and  scarcity  of  the  outcrops  and  the 
extremely  thick  and  tangled  forest  growth  which  completclj-  clothes  the  country  'n 
this  vicinity. 

Ore  Possibilities 

The  low-lying  shores  of  Paint  lake  just  to  the  south  of  mount  Raymond  ar(* 
covered  with  a  deposit  of  mossy  peat,  two  to  three  feet  thick,  beneath  which  is  a  thia 
layer  of  bog  iron  ore  formed  from  the  leaching  of  the  ferruginous  sediments  on  th») 
Stills  above.  The  deposit  is  too  small  to  be  of  much  economic  value.  The  ore  contains 
54.6  per  cent,  of  metallic  iron,  .08  per  cent  of  sulphur,  and  .010  per  cent,  of  phos- 
phorus. 

It  is  possible  that  a  largo  ore  body  may  exist  to  the  south  and  west  of  the  graniti: 
boss  of  mount  Raymond,  but  I  do  not  think  so,  as  the  iron  sediments  are  mostly  oi 
the  altered  character  upon  which  meteoric  waters  do  not  easily  act  to  allow  the  forma- 
tion of  a  large  ore-body.  Westward  in  the  narrower  part  of  the  trough  there  is  no*^ 
a  sufficient  thickness  of  iron  formation  left  after  the  extensive  sub-aerial  denudation 
to  have  ever  had  an  ore-bodv  beneath  it. 

Xo  part  of  the  Helen  iron  formation  in  northern  Michipicoten  is  more  difficult 
to  study,  and  yet  more  interesting  in  its  field  relations  than  that  part  of  it  im 
mediately  north  of  mount  Raymond.  As  has  been  explained,  mount  Raymond  is  a 
\7ide,  intrusive  granite,  and  quartz-porphyry  granite  boss,  and  this  intrusive  granite 
also  borders  the  iron  range  both  to  east  and  west.  The  influence  which  this  enormous 
intrusion  has  had  on  the  surrounding  rock  is  most  profound,  and  is  even  more  pro- 
nounced than   south   and  west  of  mount  Raymond. 

These  rooks  have  been  so  intensely  corrugated  and  even  brecciated  that  their  former 
ledding  planes  have  been  entirely  lost  or  rendered  impossible  of  recognition.  Tlu 
sir  ike  of  the  l)ods,  if  such  it  can  be  called,  or  more  correctly  the  trend  of  the  rang^, 
is  extreinely  irregular  and  is  always  changing.     Roughly,   it  is  almost  north  for  about 

000  yjirds   from   mount    l^avniond,    tlii'ii   northwest   for  liOO  or   300  yards.        Bevond  this 

1  cint  the  formation  is  inipos-sible  to  follow,  partly  from  the  thick  nature  of  the  forest 
f:row{li  and  the  larjze  ninount  of  fallen  timber,  and  partly  from  the  scarcity  of  reliable 
outcro]>'<.  It  is  possible  that  the  jiroatest  part  of  the  range  is  covered  by  more  recent 
M.hists.  The  dip  is  doc'dodly  uncertain,  but  is  generally  vertical,  sometimes  with  a 
slight   inclination   to  tho  c.'ist 

Tlie  whole  app(»ars  to  be  a  conii)resscd  compound  synclinal  fold  pitching  to  th* 
north,  a'^  jud^^ed  from  the  really  few  evidences  in  the  field.  The  width  is  for  the  most 
I-art  great,  beinc;  rather  over  (ilO  feet  for  the  first  600  yards.  Beyond  this  point  the 
width  of  the  much   drift -covered   band  could   nowhere   bo   accurately    ascertained. 

AVide  greenstone  and  (|Uartz-porphyry  dikes  cross  the  belt  towards  its  northern 
limit,  and  may  have  acted  as  barriers  to  north-flowing  iron-bearing  solutions,  but  the 
nature  of  the  rock,  particularly  to  the  south  near  mount  Raymond,  being  resistant  to 
the  attack  of  the  weathering  agencies,  is  prohibitive  to  tho  production  of  an  extensi^re 
f.re-body.  While  this  does  not  apply  so  much  to  the  northern  part,  it  is  at  least  an 
important  factor  in  its   consideration. 
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Morse  Mountain 

Morse  mountain  is  an  irregular  shaped  hill  some  200  feet  in  height  lying  about 
one-quarter  of  a  mile  fioutheast  from  Heart  mountain  and  rather  a  greater  distance 
southwest  of  Gushing  lake.  Outcrops  of  solid  rock  on  its  southeastern,  southern  and 
western  faces  are  entirely  of  a  soft  chloritic  schist,  and  on  its  northwestern  face  uf 
Helen  iron  sediments.  The  summit  of  the  hill  is  almost  wholly  drift-covered,  the  few 
outcrops  shown  being  small  and  unsatisfactory.  Towards  the  northwest  side  these 
seem  to  be  mostly  of  rusty  chert,  and  towards  the  opposite  side  of  chlorite  schist. 
From  the  northwestern  corner  of  the  hill  a  gradually  dropping  tongue-like  rid^e 
stretches  to  the  northeast  between  Heart  mountain  (from  which  it  is  separated  by  a 
deep  valley)  and  Gushing  lake. 

The  northwestern  face  of  the  hill  shows  the  Helen  formation  outcropping  for 
nearly  a  quarter  of  a  mile  across  the  strike  with  three  narrow  sheets  of  a  granitic 
porphyry  intercalated.  On  the  opposite  side  of  the  hill  where  the  green  schist  out- 
crops, there  is  only  one  sheet  of  porphyry  seen.  The  tongue-like  hill  ifi,  close  to 
Morse  mountain,  composed  entirely  of  rock  of  the  iron-bearing  foundation,  but  at 
some  500  yards  along  the  strike  this  dies  out  in  ''tails"  of  chert  in  the  schist. 

There  are  three  ways  of  explaining  the  rather  strange  field  relations.  First,  thai 
it  is  a  pinched-in  synclinal  fold  or  series  of  folds  younger  than  the  enclosing  schists; 
or  second,  that  it  is  a  southerly  pitching  synclinal  fold  or  series  of  folds,  in  which 
the  chloritic  schists  to  the  south  are  younger  than  the  iron  formation,  and  the  lattur 
in  turn  younger  than  the  schist  in  which  it  dies  out  to  the  north ;  or  third,  that  it  is 
a  northerly  pitching  trough  with  exactly  the  opposite  relations.  The  second  explana- 
tion seems  to  be  much  the  most  likely  on  account  of  the  rather  sudden  appearance  *A' 
the  iron  formation  on  top  of  the  hill  and  on  account  of  the  tail-like  disappearance 
to  the  north.  However,  this  is  inadequate  proof  and  needs  substantiation  by  further 
evidence. 

Tht  iron-bearing  rocks  of  Morse  mountain  consist  of  rusty  granular  chert  and  of 
more  or  less  ferruginous  banded  cherts,  both  much  impoverished  and  weathered.  The 
intrusives  of  Morse  mountain  are  all  of  the  granite-porphyry  type,  intruded  parallel 
to  the  dip  of  the  beds  through  the  line  of  weakness  at  the  base  of  the  isoclinal  folds. 

Morse  mountain  has  in  its  favor  as  a  prospect  the  widest  continuous  outcrop  of 
Hplen  iron  formation  exposed  in  the  northern  part  of  Michipicoten,  with  ferruginous 
though  now  much  impoverished  rocks,  upon  which  surface  water  would  easily  act,  and 
in  places  a  brecciated  structure  allowing  free  circulation. 

East  of  Heart  Lake 

The  narrow  belt  of  iron  range  rocks  which  occurs  just  east  of  Heart  lake  shows 
some  interesting  metamorphic  changes.  The  belt  is  apparently  the  small  pinched-in 
truncated  remnant  of  a  former  deep  synclinal  trough,  which  has  a  general  strike  of 
north  30^  east,  with  variations  to  north  70^  east,  and  to  almost  north  and  a  preva'l- 
ing  southeasterly  or  easterly  dip  of  65°  to  85^  or  even  vertical. 

The  band  which  hafi  an  average  width  of  about  forty  feet,  is  terminated  to  the 
•outhward  by  a  large,  fine-grained  greenstone  boss,  and  to  the  northward  by  a  portion 
of  the  quartz-porphyry  edge  of  the  great  post-Huroniau  acid  eruptive  mass  of  northern 
Michipicoten. 

Lithologically,  away  from  the  influence  of  the  intrusions  the  rocks  consist  chieBy 
of  rusted  banded  chert,  and  at  one  point  a  very  small  deposit  of  bog  ore  exists  in  a 
valley  between  two  knobs  of  iron  formation.  Near  both  the  quartz  porphyry  and 
greenstone  the  banded  cherts  are  changed  by  contact  metamorphism.  The  greenstone 
pioduces  a  coarse-grained  banded  magnetite-hornblende  schist,  and  the  quartz-por- 
phyry a  somewhat  fine-grained  hornblende  schist. 
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Nortb  of  Narrow  Lake  and  Lake  Charlotte 

Very  similar  alterations  of  the  iron  formation  to  those  east  of  Heart  lake  may  U 
ven  in  the  several  narrow  parallel  bands  of  iron  formation  which  run  along  ths 
northern  shore  of  Narrow  lake  and  lake  Charlotte,  the  principal  band  forming  is 
great  part  the  face  of  the  cliff  which  rises  abruptly  along  the  northern  shore  of  the  tw> 
Iskes  and  is  continuous  as  the  northern  edge  of  the  valley  which  connects  them.  ThVi 
ma  til  band,  though  never  more  than  fifty  feet  wide  and  generally  much  leas,  is  mo^e 
or  less  continnous  all  the  way  from  a  point  about  half-way  between  the  Dog  river  and 
Narrow  lake  to  the  northern  bay  of  lake  Charlotte,  whereas  the  smaller  bands  are 
mere  lenses  continuous  for  only  a  few  feet.  Structurally  they  consist  of  closely  plicated, 
compressed  synclinals  of  almost  vertical  dip.  and  with  a  fairly  regular  general  but 
tery  devious  and  erratic  local  strike. 

The  bands  run  roughly  parallel  to  the  contact  of  the  Lower  Huron ian  series  with 
the  post-Huronian  granites  and  rather  more  than  a  quarter  of  a  mile  from  it.  South 
'^f  the  actual  contact  with  the  unbroken  mass  of  post-Hnronian  acid  eruptivee  numerous 
narrow  sheets  of  quartz-porphyry  and  felsite  are  intruded  parallel  to  the  foliation  of 
the  schistS;  and  the  bedding  planes  of  the  iron  formation.  Besides  these  sheets  of 
acid  eruptives,  basic  greenstone  dikes  traverse  the  range  at  various  points.  Their 
metamorphic  e£Fect  is  less  pronounced  than  that  of  the  quartz  porphyries  and  felsites. 
By  far  the  greatest  part  of  the  iron  formation  has  been  more  or  less  thoroughly 
changed.  Sometimes  interbanded  black  or  white  cherts  are  seen,  or  very  rusty  re- 
crystallized  cherts,  but  the  commonest  type  is  a  more  or  less  amphibolitized  schist. 
This  rc-ck,  which  consists  chiefly  of  hornblende,  epidote  and  quartz,  is  remarkable  in 
containing  very  little  magnetite  or  oven  none  at  all.  Presuming  that  all  the  minerals  of 
thia  rock  are  authigenous.  it  may  be  supposed  that  this  hornblende-epidote  schist 
resulted  from  the  metamorphism  of  a  carbonate,  rich  in  lime  and  magnesia  and  coo- 
t&ining  comparatively  little  iron,   with  probably  some  clastic  chlorite. 

The  chloritic  schist  adjoining  the  iron  formation  has  also  undergone  great ' change^ 
being  c-onvertfd  to  opidotic  and  micac-eons  <chi>t.  The  boundaries  of  the  metamorphic 
sureole  are  exceedingly  irregular,  sometimes  rocks  near  to  the  intrusive  granite 
being  practically  unmodified,  while  others  more  remote  have  su£Fered  complete  alter- 
ation. 

Magnetic  Point 

Magnetic  point  on  the  north  shoro  of  East  Kabenung  lake  is  a  short  bean-shaped 
strip  of  land  connected  with  the  mainland  by  a  narrow  neck.  Along  the  exposed  southern 
face  o*  the  point  r!in<  a  line  of  low  cliffs  composed  of  the  Helen  sediments.  The  northern 
face  oi  tlie  itrrMiiinous  band  is  fv^r  the  most  part  drift -covered,  but  in  a  few  places  soft 
phylliric  schists  -very  probably  fragmentab  outcrop  at  a  distance  of  about  thirty  yards 
back  frrni  tJie  water,  piving  a  maximum  width  to  the  belt  of  at  least  thirty  yards.  Still 
fiiTtlior  north  on  the  mainland  only  a  few  small  exposures  of  solid  rock  are  visible,  and 
the'io  are  mostly  of  schist  containing  narrow  bands  of  magnetic  chert.  In  taking  our 
mapiH'Tic  readings  while  travorsinj:  the  bands  the  compass  showed  a  phenomenal  devia- 
tion irri  c v.larly  both  to  east  and  west  for  over  a  quarter  of  a  mile  north  of  the  water. 
It  may  he  pre>'in'.ed  that  lor.ses  at  least  oi  iron  formation  occur  within  the  schists  for 
this  <'.i<taT.c.\  rhoMiih.  the  surface  coverinj:  of  clay  and  moss  precluded  actual  observation. 

The  Maj^netic  point  belt  outcrops  for  >  me  two  hundred  and  twenty -five  yards 
ahMii:  the  point  itM  If.  and  appears  vmi  a  small  island  just  off  the  shore  and  on  several 
ftdjoinini:  islets  &xi\\  farther  east.  Tlio  bands  are  a  continuation  of  others  occurring 
m  tirhists  and  phylHte>  for  oxer  one  hmidred  yard<  across  the  strike  on  the  mainlanl 
io  the   ^\est. 

The  irxui-boarinji  rocks  of  Mapnotic  poii::  are  composed  almost  entirely  of  mt^g- 
i.otito-iiriinorito    schi^tt       Sometimes    this    n.ay    con-*ist    of  wide   lenses    of   a   somewhat 
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n.agnetic  granular  chert  always  containing  a  few  needles  of  griinerite,  and  but  slightly 
interbanded  layers  of  sparkling  coarsely  crystalline  magnetite  and  light  yellowish 
gray-green  griinerite,  and  finally  of  bands  three  to  four  inches  wide  of  almost  pure 
magnetite.  Sometimes  the  magnetite-grtinerite  schist  contains  so  much  magnetite, 
especially  where  the  wider  layers  of  magnetite  occur,  that  it  is  practically  an  iron 
ore.  The  beds  of  iron  formation  at  Magnetic  point  lie  quite  one-half  mile  south  of  £he 
main  mass  of  intrusive  granite,  and  it  is  unlikely  that  this  caused  ^e  pronounced 
metamorphism  of  the  iron  sediments.  This  great  transformation  may  'be  partly  due 
to  the  intrusions  of  basic  igneous  rocks  which  at  least  occur,  though  to  what  extent 
is  not  known,  but  it  is  probably  mainly  the  result  of  the  intense  dsmamic  strain  which 
the  rocks  in  the  immediate  vicinity  have  undergone. 

Analyses  were  made  for  iron,  etc.,  of  several  specimens  of  the  iron-bearing  rocks 
fiom  Magnetic  point.  Number  11  is  a  specimen  of  a  highly  magnetic  griinerite  schist, 
and  Number  12  of  a  coarsely  crystalline  magnetite  from  one  of  the  narrow  bands 
above  described. 

Fe  8.       P 
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The  strike  is  decidedly  irregular,  the  beds  being  often  brecciated.  The  dip  is 
towards  the  south  at  an  angle  of  75°  to  85°.  Magnetic  point  is  probably  at  about  tEe 
centre  of  a  crumpled  synclinal  fold,  towards  which  the  troughs  pitch  from  either 
side.  The  narrow  bands  of  Helen  sediments  of  Magnetic  point  and  6i  the  still  nar- 
rower lenses  farther  north,  are  the  bottoms  of  synclinal  folds  of  a  high  order — all  that 
remain  of  what  were  once  parts  of  a  wide  belt  of  iron  sediments,  probably  of  great 
thickness. 

Evans  Creek  Area 

The  Evans  creek  area  lies  close  to  Evans  creek  and  to  the  northeast  of  Godon 
lake.  The  area  contains  two  pronounced  bands,  and  possibly  a  third  band  of  iron 
formation,  which  run  generally  parallel.  The  more  southern  of  the  two  pronounced 
bands  forms  a  decided  ridge  some  two  miles  northeast  of  Godon  lake,  while  the  more 
r-orthern  band  lies  about  half  a  mile  farther  northeast  on  the  northern  side  of  Evans 
creek.  Just  south  of  the  creek  a  few  scattered  outcrops  occur  along  the  flank  of  % 
Irgh  drift-covered  hill.  These  may  represent  a  separate  band  or  may  properly  belong 
to  the  northern  band  a  few  yards  distant  on  the  other  side  of  tlie  creek. 

The  rocks  consist  of  evenly  banded  highly  magnetic  chert,  and  of  rusty  sacchar- 
c^dal  chert.     On  the  northern  band  the  main  outcrop  of  the  iron  Tormation  is  rather 
less  than  a  quarter  of  a  mile  long  and  with  a  maximum  width  of  about  175  feet.       It 
nses  as  a  low  hill  with  abrupt  cliffs  facing  the  creek  on  the  southwest  side.     To  tha 
rortheast  it  is  bordered  by  a  sand-plain,  in  which  it  also  disappears  to  the  southeast. 
I'o  the  northwest  near  where  it  dips  below  the  sand-plain,  it  is  much  mixed  with  a 
Foft  chloritic  schist.     At  three-quarters  of  a  mile  farther  to  the  west-northwestward  an 
outcrop  of  iron  formation  appears  above  the  sand-plain,  and  rather  less  than  a  mile 
to  the  east^southeast  a  lens  of  whitish  gray  and  rusty  chert  occurs  in  schist.       This  lens 
ia  about  forty  feet  wide,  and  about  four  times  as  long.     The  strike  of  the  band  varies 
irom  N.  50°  W.  to  N.  80°  W.,  and  the  dip  to  the  southwest  at  from  59°  to  70°.     Th;a 
band  is  supposed  to  be  a  compressd  synclinal  fold,  but  no  direct  evidence  bearing  on 
this  point  could  be  obtained.     The  more  southern  band  is  much  longer  and  more  con- 
tinuous than  the  northern   band.     It  runs  somewhat  brokenly  for  more  than   a  mile 
and  a  quarter,  and  is  cut  off  by  diabase  to  the  east-southeast,  and  disappears  below  the 
•and-plain  at  the  edge  of  Evans  creek  in  the  opposite  direction.     Its  width  is  for  the 
most  part  somewh<at  uncertain,  but  at  one  point  at  least  it  is  not  less  than  250  feat 
AcroH.     Structurally  and  lithologiclly,  it  may  be  considered  as  similar  to  the  northern 
band. 
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FRANCES  MINE  AND  NEIGHBORHOOD 

The  Frances  mine  range  is  an  irregular-shaped  hill  presenting  steep  talus-relieved 
cliffs  to  the  north,  northwest  and  east,  and  grading  off  to  the  southwest  and  northeast 
in  long  sand-covered  slopes. 

The  only  solid  rocks  appearing  in  situ  on  the  Frances  mine  hill  are  of  the  Helea 
iron  formation,  and  these  consist  of  impoverished  banded  chert,  very  ferruginous 
landed  chert  or  soft  ore  jasper,  granular  pyritous  chert,  much  oxidized  sideritie 
chert,  and  few  seams  of  hematite.  The  total  outcrop  has  a  maximum  width  of  93 > 
feet  and  a  length  of  1,375  feet.  The  rocks  are  well  exposed  both  naturally  and  art*'- 
fi.cially,  and  comparatively  easy  of  field  study. 

The  iron  sedimentfi  have  been  crumpled  into  a  series  of  closely  compressed  north 
dipping    isoclinals,  each  with '  a  decided  pitch  from  east    and   west,  converting   them 
irto  deep  canoe-shaped  troughs.        These  relations  have  been   proved   by  ample  field 
evidence  supplemented  by  the  results  of  several  drill  holes.'    The  strike  makes  many 
variations  from  regularity,  but  its  average  may  be  said  to  be  about  north  85^  west. 
The  dip  with  one  exception  is  always  to  the  north  at  a  high  angle  or  vertical.     By 
a  careful  study  of  the  strike  all  over  the  hill  it  was  observed  that  both  on  the  east 
and  west  sides  the  strike  of  the  upturned  beds  converge  towards  each  other,  as  would 
naturlly  be  expected  in  synclinal  folds.  It  was  also  noticed  that  the  angle  of  converg«ice 
was  much  more  open  on  the  west  side  than  on  the  east,  showing  a  steeper  pitch  of  the 
troughs  on  that  side  of  the  hill.       At  the  Frances  the  beds  are  much  contorted,  and  in 
many  places  brecciated — the  results  of  long  continued  dynamic  strain. 

Several  small  and  unimportant  bodies  of  iron  ore  occur  on  the  surface,  and  were 
the  means  of  first  drawing  attention  to  the  Frances.  All  of  these  ore-bodies  ar» 
situated  on  the  top  of  the  hill,  and  are  merely  surface  deposits.  The  ore  is  generally 
a  rich,  compact,  soft  hematite.  It  is  sometimes  a  blue-black  slate  ore,  and  again  a 
hydrous  hematite,  probably  gothite.  The  value  of  even  these  small  deposits  is  lessened 
by  numerous  small  horses  of  jaspery  chert  and  geodes  of  quartz  crystal.  The  larger 
of  these  lenses  has  a  length  of  forty  feet,  and  a  greatest  width  near  the  middle  of  nine 
feet.  The  rock  underlying  the  iron  formation  is  a  soft  chloritic  schist,  as  discovered 
by  test  pits  and  drill  holes  and  as  exposed  at  several  places  to  the  south'  and  north  of 
Frances  mine  hill. 

Wo  have  at  the  Frances  apparently  excellent  conditions  for  the  formation  of  a  large 
ore  body :  to  recapitulate,  a  series  of  closed  north-dipping,  canoe-^shaped  troughs, 
having  a  greater  pitch  from  the  west  than  from  the  east,  lying  on  an  impervious 
basement  of  green  schist,  a  large  amount  of  iron  formation  from  which  to  draw 
material,  and  this  formation  brecciated  and  open  to  the  influence  of  oxygen  and  iron- 
bearing  solutions. 

From  a  careful  examination  of  the  hill  it  would  seem  apparent  that  the  best 
point  at  which  to  carry  out  prospecting  work  is  on  the  north  side,  since  the  prevailing 
Hip  is  in  that  diroction,  and  the  best  location  of  a  drill  hole  would  be  towards  tho 
western  end  of  this  side,  since  there  is  a  steeper  pitch  on  that  side,  and  hence  the 
deepest  part  of  the  trough  containing  most  of  tho  ore-body  might  be  expected  in  that 
position. 

During  tho  time  the  prospect  was  being  worked  by  the  Algoma  Ck>mmercia^ 
Company  six  drill  holes  wore  c«>mpletod  an<l  two  more  started,  the  last  thr<>e  being  on  the 
nortb  s'do  of  tho  hill.  Two  of  tho  others  \\ero  run  from  the  foot  of  a  shaft  sunk  on  one 
O'  the  small  ore  lenses  already  montionod.  1  understand  that  these  were  drilled,  one  hori- 
zontal to  prove  tho  louirth  of  the  Ions  of  ore.  and  the  other  vertical  to  teat  its  depth. 
Both  soon  g«n  »>ut  o\  ore.  Had  tho  latter  btx»n  continued  deep  enough,  it  would  doubtless 
hnvo  struck  ore  again,  hut  oven  if  it  had.  tho  pnx-»f  obtained  would  ha^e  been  of  little 
value,  hooauso  it  was  too  far  oast  to  have  reached  tho  main  body  of  ore,  and  would  not 
have  shown  tho  lateral  oxtoiu.  which  in  snvh  closolv  compressed  trovighs  as  occur  at  tha 
Frnnc«\s  i^t  an  important    foaturo. 
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The  other  three  drill  holes  were  carried  in  either  on  the  southern  or  eastern  side. 

The  drill  hole  which  was  completed  on  the  north  side  of  the  hill,  was  successful 
in  locating  ore,  and  I  am  informed  that  at  a  depth  of  521  feet  a  considerable  stratum 
was  entered. 

Several  specimens  of  iron  ore  from  the  small  lenses  on  top  of  the  hill  were  analysedi 
^liich  proved  it  to  be  for  the  most  part  of  fair  quality.     Number  13  is  a  soft,  bluish 

^ed  ore;  other  specimens  were  of  a  somewhat  harder. variety. 
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Brotherton  Hill 

Apparently  Brotherton  hill  is  structurally  the  same  as  the  Frances  hill — that  is, 
it  consists  of  a  series  of  closely  compressed,  canoe-shaped  troughs  with  dip  a€  high 
angles  to  the  north  or  almost  vertical,  and  with  a  general  strike  of  about  N.  75"  W. 
Ihe  surface  outcrops  are,  however,  not  nearly  so  good  and  those  seen  are  not  as 
favorable  as  at  the  Frances,  and  on  the  whole  Brotherton  hill  may  be  considered  an 
inferior  prospect  compared  with  the  Frances.  The  total  outcrop  of  the  Helen  for- 
mation is  rather  over  1,800  feet  long,  and  is  at  least  900  feet  wide  at  its  widest  part, 
but  is  generally  much  narrower. 

The  rocks  of  the  iron  formation  at  Brotherton  hill  consist  chiefly  of  banded  grayish, 
rusty  weathering  chert,  very  rarely  highly  ferruginous  chert,  granular  pyritous  chert, 
and  fine-grained  blackish  chert.  At  the  southeast  corner  of  the  hill  and  separated  from 
the  highest  part  of  it  by  a  cedar  swamp,  is  an  outcrop  of  a  peculiar  massive  highly 
ferruginous  pyritous  rock  which  is  probably  a  phase  of  the  iron  formation.  On  the 
,^iith  side  of  the  hill  evenly  banded  soft  grayish  phyllit«s  occur  close  to  the  cherty 
rocks.  On  the  north  side  there  are  outcrops  of  chloritic  schists,  but  none  in  immediate 
contact  with  the  iron  formation. 

A  wide  dike  of  much  altered  diabase  crosses  the  hill  diagonally,  and  appears  to 
send  sheet-like  ofiFshoots  in  between  the  beds  of  iron  formation,  or  at  least  is  in  part 
parallel  with  the  beds  rather  than  traversing  them.  The  widespread  presence  of  this 
altered  diabase  materially  diminishes  the  economic  possibilities  of  Brotherton  hill: 

First,  by  its  impervious  nature  preventing  free  circulation  of  iron-bearing  waters. 

Second,  by  its  greatly  decreasing  tho  amount  of  iron-bearing  formation,  from 
\ihich  to  draw  ferruginous  material. 

South  of  Kabenung:  Lake 

The  broken  bands  of  iron  formation  lying  to  the  east  of  No-Fish  bay  are  almost 
unworthy  of  consideration.  Roughly  speaking  there  are  three  narrow  bands,  never 
continuous  for  moro  than  a  few  hundred  yards,  and  untraceable  for  much  longer 
distances.  The  strike  is  in  general  N.  30^  E.,  though  there  are  numerous  slight  da- 
partures  from  this  course.  From  the  disparate  and  irregular  distribution  of  the 
outcrops  taken  in  comparison  with  the  comparative  regularity  of  Ihe  strike  and  dip, 
ii  is  presumed  that  there  must  be  marked  and  rapid  variations  in  the  pitch  of  thd 
folds  to  have  given  the  present  field  relations.  All  outcrops  are  apparently  in  general 
synclinal,  and  were  evidently  once  part  of  a  continuous  synclinorium. 

The  southwestern  band,  if  so  broken  a  series  of  out<?rops  can  be  so  connected,  is 
the  most  important  of  the  three.  This  band,  though  the  outcrops  are  for  the  most 
part  narrow  and  inconspicuous,  shows  along  its  course  several  extraordinary  fairly 
wide,  lens-shaped  masses  of  very  rusty  granular  chert  suddenly  rising  in  cafitle-like 
form  above  the  low  muskeg.  One  of  these  monoliths,  about  300  yards  east  from  the 
narorws  between  Big  island  and  the  mainland  of  Kabcnung  lake,  has  a  width  of  at 
hast  90  vards,   bnt   dies  out  at  less  than    175  yards   in   green   schists.  This   abrupt 

appearance  and   disappearance  of  knobs  of  the   iron  formation  is  very  typical  of  this 
^rt  of  the  area. 
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The  belt  of  iron  formation  which  is  continuous  for  over  one-half  mile  from  the  1 
of  Perry* 8  bay  of  Kabenung  lake  to  the  south  of  White  Water-Lily  pond  is  also 
important,  having  a  maximum  width  of  only  thirty-five  yards  and  dying  out 
quartz-porphyry  schists  to  the  eastward.  The  dip  was  observed  to  be  about  vert 
or  with  very  slight  inclination  to  the  south,  and  the  average  strike  about  east  n 
variations  from  S.  55^  £.  to  N.  8(P  £. 

Lithologicaily,  this  portion  o^  the  Helen  formation  shows  rusty  banded  ch€ 
lianded  jaspers  and  hard  black  chert.  With  them  is  associated  black  phyllite,  and 
formation  is  bordered  by  various  sericitic  schists.  On  one  of  the  cross  valleys,  cutt 
the  low  ridge  of  hills,  which  represents  geographically  the  Helen  formation,  and  i 
ring  at  rig^t  angles  to  the  main  axis  of  White  Water-Lily  pond  from  its  western  e 
some  thin  beds  of  bog  iron  ore  were  discovered.  This  deposit  is,'  small  and  local,  i 
hf^nce  not  of  much  economic  value. 

The  belt  which  runs  eastward  along  the  low  rise  from  the  entrance  of  £1 
cTeek  into  lake  Elmo  is  continuous  for  over  one  mile,  dying  oui  a£  either  end 
''tails"  in  mashed  felsites  and  quartz-porphyries.  The  band  has  for  the  most  p 
a  uniform  strike,  but  shows  major  irregularities  from  north  80^  east  to  south 
cast,  besides  numerous  smaller  contortions;  and  even  breccias  occur.  It  is  of  extren 
uncertain  width,  being  over  a  hundred  yards  across  at  one  point  and  at  a  very  si 
distance  beyond  rapidly  narrowing  to  less  than  one-half  of  that  width. 

Lithologically,  the  iron -bearing  rocks  consist  of  interbanded  chert  and  magnet 
and  of  rusty  granular  chert.  Beds  of  chloritic  green  schist  of  uncertain  origin  are 
some  places  interstratified,  and  very  frequently  mashed  quartz-porphyry  appeara 
connection  with  it.  The  latter  is  apparently  older  than  the  iron  formation,  and  fi 
its  widespread  occurrence,  associated  with  the  iron  sediments,  it  is  judged  that  eroi 
has  removed  by  far  the  greatest  portion  of  the  iron  formation,  laying  bare  the  un< 
lying  material.      The  lake  Elmo  band  is   thus  of  small  commercial   value. 

Leach  Lake  Bands 

Of  the  numerous  synclinal  bands  and  sub-bands  once  part  of  a  wide  synclinoi 
occurring  to  the  east  of  Leach  lake,  only  three  need  be  considered  in  a  detailed 
These  are  bands  2,  3  and  4.  which,   uniting  in  a  high  hill   about  one-half  mile  i 
northoast  of  Loach  lake,  diverge  towards  the  southeast  as  V-shaped,  prevailingly 
easterly   pitching    troughs.        They   are   represented  topographically  by    steep    h 
irregular  outline  separated  by  deep  valleys  marking  where  erosion  has  cut  throu; 
iron  formation   and    attacked   the   soft  underlying  schists. 

The  rocks  of  the  Leach  lake  l>olt  have  a  wide  litholugical  variation,  and  show 
♦•very  phase  of  tho  Helen  formation.         They  consist   of  rusty,  sometimes  high! 
I  etic,  handed  chert,  often  .«ioft  ore  jasper,  sideritic  and  pyritous  chert,  rusty  qn 
rnd  granular  thert,   aniphibolitic  schist,  and  of  small  bodies  of  hydroufi  hemat 
t»i    <iliri«'n«'   masiiiftito. 

Band   C  is   a   canot^-shape<l   trough  dipping   to   the   southwest   at   a  high   ai 
-Taiuliiig  vertically,   and  having  apparently  a  major  pitch  towards  the  southes' 
iron  forn^ation  is  \«ell   exposed,  and  is  seen  to  he  bordered  on  either  side  by  fin? 
thloritic  fihisrs.     The  hand  has  a   length  of  about  1.100  fiK?t  and  dies  out  i|\ 
>!"hist    at   hoth   ends,    and    is   partly    covered  hy   sand-plain   to  the  southeast. 
I'.axinnini  width,  at  ahout   KX^  yards  northwest  of  tlie  township  line,  of  2^R 
\. idth   diminishes    in    either    direction    away    from     the    maximum    poii\V 
average  of  ahout    100  feet.     The  strike   is  a^  a   rule   uniform,   running   ^v 
The   chert    i^ften    shows   an    obscure    len.<oidal    handing  which    may    rep^^ 
I  re-.via. 

Hand  ^  is  much  the  most   prominent  of  the   1-each   lake   bands,     ^ 
♦or  ahout  a  mile  and  n  quarter.   Towards  the  northwot   the  belt  is     y,.    ^ 
average  width  of  less  than  75  fiH»t,  hut  at  ?r»n'e  ."tX'J  yard<  southeasi't: 

*'^   township   line,   it   rapidly    widens   to    :^00   foet    and       \>^^ 
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more,  maintaining  this  width  for  aknost  one-half  mile.  Lithologically  and  structurally 
it  18  practically  a  repetition  of  band  2,  but  it  was  noticed  that  the  rocks  were  rudtier, 
nore  decomposed,  less  magnetic  and  more  brecciated  in  band  3  than  in  band  2.  Start- 
ing from  its  northwestern  extension  the  strike  varies  from  south  65^  eair*-  to  south 
65°  east,  a£)  far  as  a  point  some  600  yards  beyond  the  crossing  of  the  township  line, 
nhere  it  changes  more  to  the  east  and  finally  slightly  to  the  north  of  east  at  its  point 
of  disappearance.  The  major,  pitch  of  the  trough  is  probably  towards  the  southeast 
and  east,  and  doubtless  there  are  several  minor  pitches  in  the  opposite  direction  not 
sBown  by  the  field  relations. 

About  one-half  mile  east  of  the  township  line  a  wide  dike  of  greenstone  outs 
diagonally  across  the  upturned  beds,  and  as  this  dike  is  approached  from  either  Eide, 
the  iron-bearing  rocks  become  highly  ferruginous  and  locally  so  much  so  as  fta  be  called 
iron  ores.  At  this  point  from  various  field  relations  it  seems  probable  that  the  pitch 
of  the  syncline  is  from  either  side  towards  the  dike,  giving  conditions  fit  for  the  for- 
niation  of  an  ore  body  on  either  side.  Several  small  ore  bodies  actually  occur  on  the 
surface.  One  of  these,  an  impure  hydrated  hematite,  borders  the  dike  on  the  west 
side.  Two  others  on  the  east  side  of  the  dike  occur  close  together  and  may  in  reality 
be  one  deposit.  The  most  westerly  is  at  least  forty-five  feet  long  and  slightly  narrower, 
while  the  other  is  apparently  of  much  smaller  dimensions  and  is  as  well  much  mixed 
with  chert.  The  ore  is  a  silicious  magnetite  not  of  very  high  grade,  as  shown  by  the 
following  analyses: 

Fe.  fi.  P. 

No.  15 M.60         .(»         .029 

These  lean  orecl  are  indicative  of  possible  greater  quantity  and  of  better  quality 
*ower  down  the  trough. 

These  deposits  are  known  as  Scott's  prospect,  and  in  the  autumn  of  1902  some 
preliminary  exploration  was  done  by  the  Algoma  Commercial  Company  at  this  point, 
and  several  small  houses  erected.     See  sketch  at  page  336. 

Band  4  is,  in  its  geological  structure  and  lithology,  similar  to  bands  2  and  3. 
It  merges  with  band  3  towards  the  northwest  and  dies  out  abruptly  to  the  east.  It 
has  a  total  length  of  aln  ost  one  mile,  and  an  uncertain  width  varying  from  le^s  than 
^0  feet  to  over  200  feet.  The  strike  changes  from  south  65°  east,  towards  the  western 
i'nd  of  the  band  to  slightly  north  of  east  at  the  other  end. 

Sub-band  A  is  an  ofiFshoot  from  band  3  at  a  point  some  700  yards  east  of  the  place 
^here  that  band  crosses  the  township  line. 

Though  the  rocks  of  the  Leach  lake  bands  are  rather  poorly  exposed,  owing  ^o 
^he  amount  of  drift  on  the  hillsides,  still  for  the  most  part  the  outcrops  are  sufficiently 
pood  to  enable  one  to  understand  the  field  relations.  Before  the  forest  was  so  completely 
'^mored  by  fires  this  would  not  have  been  so  easy  a  matter,  for  to  the  ei'.stward,  along 
the  continuation  of  sub-band  A,  the  forest  growth  is  so  thick  and  the  few  outcrops 
•n  87ug]j  gg  fo  make  the  field  Eltudy  most  difficult  and  unsatisfactory. 

East  of  Qodon  Lake 

About  a  quarter  of  a  mile  northeast  of  the  northeast  corner  of  Godon  lake  there 
ftretwoIojT  bi^^^  ^^  ^^^^  formation.  The  crests  of  the  hills  are  about  160  yards  apart, 
tnd  a  shall  f^  valley  intervenes  between  the  two.  This  low  valley  may  indicate  the 
[resence  Qf  ftct^i^^'  ^"*  ^^  ^^  ^^^^  "®^'  *°^  certainly  no  outcrops  of  schist  are  visible, 
^hen  the  f  f,  t  <fridth  of  iron  formation  exceeds  150  yards.  The  band  narrows  to  the 
atbwgf^  1,  liJ  ^^  continued  brokenly  to  the  base  of  Diabase  hill — a  distance  of  about 
v^fiUff.  ^f    ^    mile.      The    iron    formation    comprises    chiefly   unhanded   varietias 

9r7p^y  ^^  ^    £^nd  often  rusty  cherts,  and  very  quartzose  cherts.     Very  small  deposits 
«■ -^V).   ^  rycrcur  near  the  north  of  the  band.     A  specimen  analyzed  as  follows: 

Fe.  S.       P. 

jh.  ^  52.78        .14        .037 
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East  of  Pyrrhotite  Lake 

The  occurrence  of  a  deposit  of  magnetic  pyrites  or  pyrrhotite  lying  to  the  east 
of  Pyrrhotite  lake  and  connected  to  it  by  a  narrows,  is  scientifically  exceedingly  inter- 
eeting  as  exhibiting  a  phase  of  the  Helen  formation  in  which  the  sulphide  is  the 
predominating  mineral  rather  than  the  accessory.  The  dimenEions  of  the  deposit 
could  not  be  accurately  ascertained,  owing  to  the  amount  of  drift  covering,  but  the 
Helen  formation  at  this  point  has  a  maximum  width  of  at  least  50  feet  and  is  con- 
tinuous for  quite  200  feet  and  probably  more  beneath  the  drift-corered  hill  to  the 
southeast,  though  of  course  the  sulphide  deposit  is  much  smaller.  The  deposit  is  simply 
a  highly  pyritous  and  pyrrhotitic  chert,  becoming  rusty  and  much  lees  metalliferous 
along  its  counb  to  the  southeast.  Sometimes  it  consists  entirely  of  pyrite  and  pyrrho- 
tite with  probably  some  magnetite,  or  again  chert  predominates.  In  places  the  sulphides 
are  oxidized,  producing  a  rusty  ''iron  hat"  of  limonite. 

A  very  rusty,  much  silicified,  felsite  schist  borders  the  band  to  the  northeast  and 
a  weathered  sideritic  ik^hist  to  the  southwest.  This  sideritic  schist  is  also  interstratifieJ 
with  the  pyritous  chert  along  its  southeastern  extension.  The  pyrrhotite  does  not 
carry  nickel.     The  rusty  limonite  gives  the  following  analysis: 

Fe.  8.       P. 

No.  17 5a69        .72        .056 

Some  preliminary  exploration  work  was  carried  out  by  the  Algoma  Commercial 
Company  both  east  of  Godon  lake  and  at  the  pyrrhotite-pyrite  deposits  in  IdOO. 

Eccles  Lake  Claims 

The  Eccles  lake  claims  are  thirty-two  40-acre  claims  situated  east  of  the  Magpie 
river.  They  stretch  from  north  to  south  for  a  mile  and  a  quarter  at  a  distance  of  2 
miles  to  3^  miles  above  McKinnon*s  bridge.  The  claims  were  staked  because  of  the 
occurrence  of  certain  bands  of  the  Helen  formation  within  the  green  schists  of  the 
area  covered.  It  has  already  been  mentioned  that  geographically  they  belong  witii 
the  eastern  range,  though  they  have  a  geological  connection  with  the  northern  range 
us  well. 

The  whole  area  is  more  or  less  rough  and  rocky,  though  no  very  pronounced  hills 
exist.  The  valley  of  the  Magpie  is  for  the  most  part  low  and  drift-covered,  often  with 
a  sand-plain,  while  away  from  the  river  both  to  east  and  west  low  ridges  of  hills  sre 
divided  by  deep  valleys.  The  country  is  completely  bereft  of  timber,  having  been 
burnt  boji.c  four  or  five  years  ago.  Owing  to  this  fact  the  exposures  of  rock  are  ex- 
ceedingly pord.  and  the  solid  rock  not  being  much  drift-covered.  I  had  an  excellent 
chance  to  study  the  region,  and  was  enable<l  to  elucidate  many  of  the  problems  which 
Lad  troubled  mo  in   other   parts  of  the  district. 

Tho  rocks  of  the  area  are  the  creen  schists  so  typical  of  the  Michipicoten  district. 
They  consist  of  massive  chloritic  schists,  seriticized  and  rusty  quarts-porphyry  schists, 
nacreous  folsiti**  schists,  which  included  sheet*;  of  cranite  and  porphyry,  and  a  peculiar 
lensoidly  banded  quartz  porphyry  schist,  probably  an  autoclast,  but  often  bearinj; 
a  singular  re.semblance  to  a  conglomerate.  In  the  quarts  porphyry  £bhists,  and  some- 
times in  the  massive  clilnritic  schist<.  are  the  lenses  of  the  Helen  formation.  All  these 
rooks  are  invaded  by  numoroiu?  dikes  and  bosses  of  dolerite  and  diabase,  and  the  region 
was  evidently  one  of  former  volcanic  activity.  Xone  of  the  lenses  of  iron  formation 
are  of  any  t»oonomio  importance,  and  most  of  them  are  too  small  to  be  even  discussed, 
ci-.nsisting  only  of  strinjier?  a  few  inches  wide  and  dying  out  within  a  few  feet. 

Band  A.  lying  about  a  quarter  of  a  mile  south  of  Elccles  creek,  consists  of  a  series 
ot  small  bmkon  lenses,  running  in  an  interrupted  belt  for  some  800  yards.  The  lenses 
ore  mostly  about  throe  foot  wiilo,  and  nro  or  blackish  and  whitish  crystalline  chert, 
slwnys  intermixed  with  pnvn  schists.  At  half-way  along  the  broken  band  (some  20Q 
yards  east  of  the  boimdarv  lino  botwtvn  townships  i?S  and  29.  ranaje  26)  the  separated 
lenses  coll<H*t  to  form   a   d^nndod  band   oi  blaoki<h    and    whitish    chert    with,    in   some 
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laces,  pyritous  chert,  and  with  a  great  deal  of  green  schist.  The  schist  and  iron 
»imation  together  are  at  least  thirty  yards  wide,  but  the  total  width  of  all  the 
uses  of  iron  formation  within  the  schist  doeJs  not  exceed  fifteen  yards.  Beyond  this 
3int  the  chert  lenses  soon  narrow  and  die  out  in  ''tails*'  or  appear  as  brecciated 
agments  of  black  and  white  chert  or  banded  jasper  in  a  matrix  of  soft  green  schist. 

Band  B  is  even  narrower  than  the  last,  and  is  practically  connected  with  it — the 
nses  arbitrarily  specified  as  forming  one  band  practically  passing  into  and  giving 
ace  to  the  lenses  of  the  other.  Like  the  last  it  consists  of  much  impoverished 
agnetic  black  chert. 

Band  C  lies  nearer  the  northwest  shore  of  Eccles  lake.  It  consists  of  a  number 
broken  lenses  of  banded  jasper  occurring  in  quartz-porphyry  schists  for  some  thirty 
irds  across  the  strike,  and  is  very  much  intermixed  with  schist.  The  lenses  are 
aceable  for  some  190  yards  in  the  direction  of  the  strike,  which  is  north  70°  west, 
it  in  this  di&ri^ance  the  lenses  often  die  out  and  only  brecciated  fragments  are  visible 
I  the  green  schists.  Again  they  reappear  as  tails  to  continue  some  sixty  or  seventy 
et,  then  to  die  out  again  or  give  place  to  other  lenses  a  few  feet  to  the  south  or 
jrth.  The  widest  lenel  was  observed  to  have  a  maximum  width  of  eight  feet,  and  the 
ital  width  of  all  the  lenses  at  this  point  was  scarcely  twice  that  width. 

Band  D,  which  occurs  some  150  yards  south  of  the  last,  is  of  much  the  same  general 
laracter.  It  has  a  strike  of  north  80®  west,  and  dips  vertically.  Like  the  last,  the 
on-bearing  rock  is  made  up  almost  entirely  of  banded  jasper,  and  in  places  the 
agnetite  constituent  of  this  rock  predominates,  and  small  scams  of  rather  impover- 
hed  cry&f.alline  black  magnetite  and  red  hematite  are  found.  The  band  was  traced 
ith  several  gaps,  for  over  a  quarter  of  a  mile.  It  is  widest  some  fifty  yards  from  the 
ke  shore,  where  it  has  a  width  of  about  eighteen  yards  and  consists  of  blue-black 
apoverished  magnetic  jasper  interstratificd  with  red  crystalline  chert.  Beyond  this 
Dint  the  bands  die  out,  but  ro-appear  prominently  at  110  yards  and  again  at  300 
irds. 

It  is  evident  that  the  scattered  and  disconnected  lenses  of  iron  formation!  observed 
1  the  Eccles  lake  claims,,  are  the  remnants  of  former  much  larger  bands  which  have 
»en  almost  entirely  removed  by  erosion,  leaving  only  narrow  shallow  troughs  to  mark 
hat  were  probably  minor  syncUnes  in  a  larger  synclinorium  before  sub-aereat 
'osion  had  proceeded  so  far  as  it  has  at  present. 


SPECIAL    AREAS    OF    THE    WESTERN    RANGE 

Near  Mouth  of  Julia  River 

Outcropping  prominently  on  the  Lake  Superior  shore  about  three  and  a  half  miles 
utheast  of  the  Pucaswa  river,  on  the  prominent  rocky  point  beyond  the  mouth  of 
le  Julia  rivor  are  ten  narrow  parallel  bands  of  Helen  formation.  They  differ  so 
laterially  from  each  other  in  lithological  characteristics  that  it  will  be  well  to  describe 
ich  one  separately,  beginning  at  the  most  westerly,  and  numbering  towards  the  east. 

1.  Band  number  1,  of  rusty  even-banded  chert  has  a  thickness  of  four  feet.  It  is 
nderlain  by  soft  green  schist  and  overlain  by  diabase,  which  appears'  sheet-like  but 
hich  may  be  a  dike  cutting  across  the  dip  but  parallel  with  the  strike.  Northwesterly 
rom  the  dike  along  the  shore,  squeezed  porphyrites  are  cut  by  numerous  diabase  dikes. 

2.  Some  seventy  feet  southeast  of  band  number  1  occurs  the  second  band.     It  has 
maximum  thickness  of  6  feet  7  inches,   and  strikes  north  40**  east  and   dips  at  34^ 

1  a  northwesterly  direction.  It  it\  traceable  for  abont  125  feet  inland  from  the  shore, 
nd  is  then  lost  beneath  drift  covering.  The  overlying  green  schist  looks  agglomeratic, 
nt  is  probably  an  old  lava.  The  iron  formation  consists  chiefly  of  jaspyllite,  with 
ands  of  bright  crimson   jasper  and  sparkling  specular  hematite.  Sometimes   it   is 
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hlstj  tad  pyritous.  A  narrow  ibeet  of  diabkM  four  inelMS  dtick  ii  interstrotified.  Tlu 
jupjtlite*  ore  often  highly  feimguioiu.  A  ninple  takMi  for  uialyuB  g^ve  tha  fd 
lowing  result: 

fa.  B.       P. 

Ko.  18 «6,4l        *6        .OM 

3.  Baud  3  liea  tome  twenty  feet  soatbeaat  of  number  2.  It  dipa  at  an  ancli  af 
24",  has  a  thickness  of  three  feet  nine  inches,  and  conaiata  ehiefijr  of  dark  grayi;}! 
(belt.  Tbe  b«ds  thow  many  faults,  of  small  throw,  the  planed  of  which  are  cemented 
tv  calcite.    Above  the  bed  lice  a  achitt  of  agglomeratic  appearance. 

4.  SIxty-fiTp  feet  boutheast  of  tbe  third  band  is  the  foarth  band — a  lens  of  cb«t 
two  feet  thick.  It  ia  underlain  by  evenly  banded  schist  and  orerlain  by  a  schist  whkh 
looks  agiglomeratic.     The  band  ii;  traversed  by  a  dike  of  diabase  six  feet  wide. 

5.  Band  5,  twelve  feet  southeast  of  number  4,  iu  ten  feet  thick  and  consists  «i 
mixed  impure  jaspyllitea  and  slates.  It  is  underlain  by  a  schist  which  is  appareatlr 
an  altered  amygdaloid. 

6.  About  123  feet  from  the  last  band  is  the  sixth  band,  only  three  feet  thick  and 
Kiuch  mixed  with  pbyllite. 

7.  At  25  feet  southeast  of  'number  6  lenses  of  jasper  often  very  ferraginous,  occur 
with  li'rnislnoii'i  phyllites.  the  band  in  all  being  four  feet  thick  and  underlain  by 
epidotic  and   nacreous  felaitic  schista 

8.  Twenty-five  feet  beyond  the  last  is  the  eighth  band,  which  is  »  narrow  leiu  of 
pyritous  banded  chert  eighteen  inches  thick. 

9.  One  hundred  and  twenty-five  feet  southeast  of  number  6.  is  the  ninth  band, 
thrie  fcrt  thick  and  consiEting  of  chert,  phyllite,  etc. 

10.  Tbe  lait  band  lies  twenty-five  paces  beyond  the  ninth.  The  band  consists  tron 
ihb  bottom  up  of  one  foot  of  banded  chert,  two  feet  of  soft  chloritic  schist,  then  four 
feet  of  banded,  often  highly  ferruginous  cherts  and  pbyllites.  The  whole  band  is 
i.nderlaio  ).y  chloritic  M^hists  with  narrow  sheets  of  whitish  felsite  and  overlain  by 
(hloritic  schiista. 

.411  the  l>aiids  of  iron  formation  dip  at  angles  less  than  4o°  to  the  nortbwestirat^ 
The  structure  is  apparently  monoclinal.  and  there  is  no  evidence  of  reduplication  v 
litulting  or  folding  It  will  be  Been  that  in  a  thickness  of  about  293  feet  of  '^:Wj,-, 
alloniiig  an  arera^e  dip  of  35''  for  the  horizontal  width  of  494  feet  of  schist,  a'V  ^ 
li'  fiot  lotsiit  of  fedimeiitary  rocks  of  the  iron  formation,  and  the  rest  are  appar^s  ^' 
wholly  schists  of  igneous  origin,  or  for  the  most  part  of  igneous  origin.  These  \.^^1 
lying  near  the  mouth  of  the  Julia  do  not  seem  to  be  of  much  economic  value,  ■^^^ 
Iht  content  in  iron  increases  downirard  as  is  possible,  but  they  are  int«™*t;,'OX^^j 
representing  the  type  of  all  the  western  range  proper — that  is,  of  eihibiting  ■  ^^^ 
of  parallel  Icds  of  iron  formation  in  t  erst  ratified  with  schists  and  having  '''•V.^Xv,  , 
to  be  inotiiK-linal  structure.      See  sketch,  page  336.  ^V  ^^ 

seei 
Laird's  Claim 

Abiiut  three  and  a  half  miles  north  2(fi  east  of  the  bands  Qeai  the  ^V, 


and   pro!  ally   others   beneath   the   dri 

a  stri'ng  macnetie  attraction  in  en         _  ^. ^ 

t  southern   band   is'  the  first  prominent  outcrop  of  solid   rocV  wtoh   ^^-        ^^] 


bich  though  not  outcmppwe  V^>v 

!  the  strike  of  the  Ik.^.    ^  S^v^-^  '^ 


^^  jiand-plain  stretching  north  from  Julia  rlrer.  it  risea  n.^  ^  \„  ^li^'^^wj,  Jw 
teet  high.  The  band  of  iron  formation  is  about  thirteen  f^^t  thwk  aO^  ^i^oat  ni 
poi.it  and  consists  of  maanetic  phyllitcs  and  highlv  magnet^iv^  h*nde4  c^^^-  liq  tlu-A 
of  impure  magnetite,  with  hands  of  grayish  black  chert.  For  tlie  moat  9»"^^^«*:,  ««■* 
sufficiently  ferruginous  to  be  called  a  lean  iron  ore.  An  ^Ca^.iyg8B  ol  *  >ift4.»ii 
1  gare  the  following  result :  ^  %■«?« 
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uorth  or  south  of  the  last,  which  in  its  turn  will  extend  e^me  distance,  and  finally 
give  place  to  another.  The  structure  of  the  bands  is  apparently  a  series  of  mono- 
clinal  folds.  The  strike  varies  from  N.  80^  W.  towards  the  west  of  the  claims  to 
N.  50^  £.  towards  the  east  where  cut  off  by  granite  near  the  Pucaswa  river.  Ai  a 
rule  the  rocks  consist  of  evenly  banded  magnetic  cherts,  but  sometimes  the  cherts  aro 
impoverished,  contain  very  little  iron,  and  are  crumpled  or  even  brecciated.  Like  all 
parts  of  the  western  range,  the  iron  formation  on  the  David  Katossin  claims  is  much 
drift  covered  and  in  addition  it  is  traversed  by  wide  dikes  and  bosses  of  diabase  and 
gabbro. 

North  of  Maple  Lake 

Stretching  from  the  edge  of  the  granite  on  the  west  and  extending  along  the 
northern  shore  of  Maple  lake  eastward  beyond  Lost  lake  to  Cameron  lake,  is  an  iron- 
bearing  horizon  in  which  only  occasional  lenses  of  banded  magnetic  chert  or  very 
cherty  magnetite  outcrop  above  the  generally  drift-covered  surface.  North  from  a  point 
rear  the  west  end  of  Maple  lake  a  band  of  magnetic  and  quartzitic  chert  appears 
which  is  at  least  thirty-five  feet  wide.  It  stands  vertically  and  strikes  east.  This 
lens  can  be  traced  brokenly  as  far  as  the  creek  which  flows  from  Maple  lake  northward 
to  a  small  pond.  Along  this  creek  a  good  section  was  exposed,  and  may  here  b<f 
given  in  detail,  measuring  from  the  shore  of  Maple  lake. 

570  ft. — 574  ft.  Lens  of  banded  black  and  grrayiBh  chert,  interbanded  with 

soft  grayish  phyllite  and   narrow  sheets  of   granite. 
574    ••  —665    "   Soft  green  schist. 
665    "  —670    "    Sheet  of  granite. 
670   "  —883    "   Probably   all  schist. 
883    "  — f90    "    T,r»n8  of  banded  magnetic  chert. 
890   "  —927    ••    Schist. 

927    "  —934    "    Lenaos  of  rusty  sugary    chert. 
934   ••  —992    "   Probably   all  green  schist. 
992  "  and   northward,   granite. 

A  representative  specimen  of  iron  formation  from  north  of  Maple  lake  analyzed 
Bt  follows : 

Pe.  S.       P. 

No.    22 29.17         .51         .076 

North  of  Lost  and  Cameron  Lakes 

East  from  Maple  lake  only  isolated  outcrops  of  magnetic  chert  appear,   but  it     ^^ 
evident  from  these  few  scattered  exposures  that  the  iron-bearing  horizon  ifi  contimio  "trv*' 
and  that  iron-bearing  rocks  are  interstratifiod  with  sch'sts  all  the  wav.     On  the  h'*"^ 
rather  more  than  a  quarter  of  a  mile  north   of  Lost  lake  three  more  or  less  defii^ 
bands  occur  within   a   width  of  about   110  yards,   and  aro  continuous  to  the  top  ol 
1  igh   hill    just    west  of    Floating    Heart   creek.     The    widest    band    'S    about    25    ya 
jicross,  and  the  others  not  much  narrower.     As  the  dip   is  vertical,  the  width  on 
horizontal   corresponds   with   the  thicknoss.     The   iron   formation  consists   in   the  nu 
of   very    evenly   handed    and   rusty    chort    not    very    ferruginous.     The   strike  is   abc::^^^^ 
N.  70?  E. 

West  of  Cameron   lake  the  iron-bearing  horizon   is  very  wide.     Le  ises  appear  ^ 

the  portage  from  Floating  Heart  creek  into  the  north  end  of  the  lake,  and  again  "* 

the  portage  frr)ni  tho  south  end   of  the  lake   into  the  creek  again,  or  more  than  \m^  ^ 
a  mile  wide.     Most  of  the  iron  formation,  however,  is  associated  in  a  belt  which  sta       ^^ 
at  the  base  of  the  prominent  hill  about  half  wav  down  the  west  shore  of  the  lake,  i^  ^^ 
is  continuous  west   1o   the  creek — or  a  little  over   half  a  mile  in  length.      This  beltr-     '•' 
about   150  yards   wide   and    about  half  of  the   width   consists   of  iron  formation,   oO^" 
prising  banded  magnotic  chert.s,   rusty    saccharoidal    cherts,  whitish  opalescent  che^^'. 
end    non-magnetic    banded    cherts.  With    these    iron-bearing    rocks    are    associa^^^ 

crenulated  and  contorted  chloritic  schists,  which  often  resemble  phyllites  and  soft 
whitish  felsitic  schists.  The  dip  of  the  beds  is  about  vertical,  and  the  strike  varies 
from  N.  62*^  W.  to  about  east  and  west. 


J 
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Near  Fall  Creek 

i  great  many  narrow  lenses  of  iron  formation  occur  in  the  green  schists  near 
shore  of  Lake  Superior  w«st  of  Fall  creek.  Only  a  few  of  these  are  sufficiently 
and  wide  to  dcsLTve  mention.  One  occurs  about  two  and  three-quarters  miles 
1  20^  west  of  the  mouth  of  Fall  creek.  It  is  about  fifteen  yards  wide  and  it> 
>able  for  upwards  of  a  quarter  of  a  mile  along  the  edge  of  a  high  cli£F  rising 
3  Fall  creek.     It  consists  of  very  evenly  banded  grayish  and  black  chert.    Another 

lies  in  the  schists  some  two  miles  northwest  of  the  mouth  of  Fall  creek.  It 
sts  of  weathered  jaspyllite,  is  where  widest  about  two  feet  wide,  and  is  trace- 
for  a  little  over  one  hundred  yards.  Two  narrow  bands  of  iron  formation  in 
1  schists  may  be  seen  on  the  shore  of  a  small  bay  just  west  of  Fall  creek.  Tho 
)rn  band  which  is  abou£  ^hree  feet  thick,  consists  of  impure  reddish  chert  mixed 

schist,  and  the  eastern  band  which  Is  three  to  four  feet  thick,  is  composed  of  a 
y  ferruginous  jaspyllite.  The  bands  are  twenty-five  feet  apart  on  the  horizon^a>,  and 
oen  them  lie  rusty  chloritic  and  sericitic  schists.  Both  bands  dip  to  tho  eastward 
)Out  45°  and  strike  N.  5°  E.  Beneath  Ihe  western  band  lie  rusty  sericitic  schists, 
above  the  eastern   band  rusty  chloritic  schists. 

Edey  Claim 

Trom  the  area  just  described,  belonging  to  the  western  Michipicoten  range  proper, 
roil  formation  on  tlie  Edey  claim  diflFcrs  very  materially.  The  band  has  a  length 
»out  27.5  yards  and  a  maximum  width  of  about  50  yards.  A  narrow  band  appears 
llcl  with  tho  main  to  tho  south  for  a  few  yards.  The  rocks  are  but  slightly  ma^- 
,  and  consist  for  the  most  part  of  highly  ferruginous  but  non-magnetic  banded 
s  and  Tu&ty  sugary  cherts.  The  structure  is  very  complicated.  The  band  repre- 
the  base  of  an  intensely  corrugated  syncline,  very  much  faulted,  the  faulting 
ig  place  chiefly  parallel  with  the  axis  of  the  minor  longitudinal  synclinal  folds 
1  make  up  the  main  synclinal.  The  trend  of  the  band  is  about  N.  70^  E.,  and 
lip  of  the  beds  usually  to  the  northward  at  50^  to  70^  The  pitch  in  the  shX)rt 
h  of  the  bands  changes  in  its  direction  several  times,  and  is  often  at  as  high 
ngle  as  45^.  Soft  chloritic  schists  underlie  the  Helen  rocks,  and  owing  to  the 
nous  longitudinal  folding  and  transverse  folding  which  the  rocks  have  suffered^ 
ichists   are  brought   to   tho   surface   and    appear   to   intoretratify  with   the   Helen 

1  and  even   replace  them   entirely   along  the  strike  at  the  summits  of  the  trans- 
anticlinal    folds.         The    band    is    not    of    much    economic  importance,  since  the 

lilt  of  iron  formation  present  i^  probably  too  small  to  have  ever  produced  a  large 
»ody. 

Lome  Prospect 

dome  ten  miles  north  20°  east  of  the  mouth  of  the  Pucaswa  river,  in  a  small 
of  hornblcndic  and  micaceous  schists,  inter-sheeted  with  and  also  cut  by  gneiss- 
granites,  occurs  the  Lome  prospect.  The  deposit,  so  far  as  the  writer  knows, 
iique  in  the  Michipicoten  area,  and  consists  of  a  highly  mineralized  zone  in  the 
bs.  The  metallic  minerals  present  comprise  chiefly  magnetite,  pyrite,  chalcopyrite 
pyrrhotite.  In  a  somewhat  rough  way  the  deposit  may  be  said  to  have  a  length 
tout  145  yards  and  a  breadth  of  a  lea^t  48  y  rds.  These  dimensions  do  not  mark 
imits  of  actual  mineralization,  since  the  hornblende  schists  to  the  eastward  and 
vard  give  a  strong  magnetic  attraction  and  even  contain  lenses  of  magnetite, 
rhe  surface  of  the  deposit  consists  in  the  main  of  a  rusty  bog-iron  ore  of  variable 
ness,  but  never  exceeding  a  few  inches.  Within  the  limits  of  the  deposit  occur 
)w  streaks  of  relatively  rich  material  within  areas  of  £;chist  of  slight  mineralization 
>ne  at  all.  The  schists  vary  in  strike  from  X.  55^  E.  to  N.  75^  E.,  and  dip  at 
;h  angle  northward.  Narrow  sheets  and  dikes  of  granite,  which  is  often  porphyritic 
?gmatitic,  occur  in  and  traverse  the  deposit,  and  a  dike  of  diabase  which  runs 
b  N.  20°  W.  cuts  across  the  beds  near  the  western  end  of  the  hill  which  represents 
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the  deposit  topographically.  The  exact  limitationfi  of  the  area  of  hornblende  schist 
ia  which  the  deposit  is  found,  were  not  ascertained;  but  it  certainly  is  not  wide,  and 
as  porphyritic  granite  outcrops  on  the  shore  of  McDougall  lake  to  the  northeast  uf 
the  deposit  and  at  a  short  distance  southward  along  the  trail  leading  southwest  lo 
Camp  lake.  It  is  probably  but  a  narrow  band  of  Huronian  schists — an  inlier  encloseil 
by  the  later  granite,  and  is  but  a  large  example  of  many  of  the  smaller  inclusicms  con- 
tained in  the  post-Hurcnian  acid  eruptives.  The  connection  supposed  to  exist  between 
this  small  area  of  schists,  and  the  arm  of  Huronian  roi^ks  stretching  westward  from 
Iron   lako,   has  already  been   mentioned. 

Magnetite  is  by  far  the  commonest  metallic  mineral,  but  the  sulphides  are  some- 
tim«:-s  quite  common.  The  limonite  or  rusty  '4ron  hat"  is  probably  often  merely  a 
rusty  schist.  As  an  ore  of  iron,  surface  specimens  are  too  low  in  iron  and  often  too 
high  in  sulphur.  Analyses  were  made  of  representative  specimens  taken  from  various 
parta  of  the  depasit.  Number  22  shows  a  schist  containing  comparatively  little  mag* 
netite  from  near  east  end  of  hill.  Number  23,  impure  magnetite  from  west  end  ut 
hill.  Number  24,  impure  magnetite  from  south  side  of  hill,  near  the  main  test  pit 
eunk  by  prospectors  recently  working  on  the  deposit.     Number  25,  the  rusty  limonite 

coating  from  the  south  side  of  the  hill. 

Pe.  B.  P. 

No.  22 25.72  .07  — 

No.   23 40.92  3.20  .014 

No.   24 40.17  9.39  .024 

No.   25 53.75  .34  .03 

In  general  the  last  three  analyses  may  be  considered  slightly  higher  th'.n  the 
average  for  the  whole  hill,  since  the  south  side  is  apparently  much  richer  than  the 
north  side. 

The  origin  of  this  peculiar  deposit  is  uncertain.     It  was  probably  originally  a  bed 
of  ferruginous  chert  in  chloritic  schists,  or  interstratified  beds  of  cherty  iron  carbonates 
\arying  in  their  content  in  lime,  magnesia  and  ferrous  oxide.     By  the  metamorphism 
ol    these  beds,   due  to  the   heat  produced  by  the   immense   intrusions   of   granite,   the 
chloritic  schists  or  cherty  carbonates  high   in  lime  or  magnesia,   were  convertcsd   into 
hcrnblendic  schists,   while  the  ferruginous  cherts  or  cherty  carbonates  high   in   ferric 
oxide  were  changed  into  schists  rich  in  magnetite.     The  other  metallic  minerals  may 
also  have    been    products   of   metamorphism.      However,   this  may   not   have   been   the 
origin,  the  magnetic  schists  may  have  originally  been   ferruginous  slates,  or   some  of 
the  metallic  minerals  may   have  been   of  secondary  introduction,   being  brought   in   at 
the   time   of   tlie  granite  intrusion.     Beneath    the   microscope   the    hornblende   schisti 
bave  a  somewhat  igneous  appearance  due  to  the  presence  of  the  mineral   plagioclase, 
lut  this  mineral   is  ent-rely  of  secondary  origin,   and   hornblende  schists   undoubtedly 
produced   by  metamorphism  of  sedimentary  rocks  are  certainly  found  in  Michipicoten 
a.v  soon  north  of  Narrow  lake  and  lake  Charlotte. 

A  considerable  quantity  of  low  grade  impure  magnetite  certainly  exists  at  the 
Lorno  prospoct,  and  possibly  further  prospecting  work,  of  which  very  little  has  yet 
been  done,  may  prove  the  presence  of  richer  material.  If  the  schists  are  a  much 
comprossod  series  enclosed  in  a  basin  of  eruptive  granite,  it  would  seem  natural  to 
expect  an  enriched  deposit  towards  the  base  of  this  basin  resting  on  the  enclosing 
granite.  The  presence  of  this  enriched  deposit  may  be  discovered  when  stripping  '^r 
tr«t -pitting  has  boon  carried  out  in  the  low  ground  around  the  base  of  the  hill  near 
the  narrow  sheets  of  granite,  or  may  only  be  located  by  small  prospecting  shafts  cr 
diagonal   drill   holes. 


Resume 


It  will  be  seen  from  a  perusal  of  this  short  disquisition  on  the  iron  formation 
that  by  far  the  greatest  part  of  the  once  extensive  Helen  sediments  have  disappeared. 
Doubtless  enormous  quantities  of  disintegrated  ores  were  carried  away  by  the  stronff 
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glacial  corrasion  which  has  laid  bare  the  rocks  in  every  part  of  the  Michipicoten 
iistrict,  and  these  ores  have  by  no  means  been  appreciably  replaced  by  concentration 
iince  glacial  times.  Ou  the  other  hand  glacial  denudation  has  been  most  unequal  In 
lifferent  parts  of  the  district,  doubtless  more  or  less  influenced  by  pre-glacial  topog- 
aphy;  and  whereas  in  some  parts  of  the  district  the  entire  formation,  both  disin- 
egrated  and  non-disintegrated,  has  been  removed,  in  other  parts  a  considerable 
•ortion  of  the  latter  still  remains,  and  it  is  to  these  parts  attention  ought  to  be 
hawn. 

In  the  northern  range  the  beds  are  everywhere  folded  into  intensely  compressed 
bids,  and  concentration  of  the  ores  has  been  found  to  take  place  at  or  towards  the 
:ottom  of  the  troughs.  Only  in  so  far  as  the  lower  part  of  the  trough  was  in  the 
lone  of  corrasion  would  the  concentrated  ore  be  swept  away.  Therefore  in  the  still 
ixisting  deep  troughs,  since  by  far  the  greatest  part  of  ore  concentration  took  place 
trior  to  the  period  of  glacial  denudation,  when  the  Helen  formation  was  still  ezten- 
ive,  it  is  reasonable  to  expect  that  ore-bodies  of  considerable  magnitude  may  be  found. 
)eep  troughs  of  this  nature  may  be  said  to  exist  at  Iron  lake,  at  the  Frances  zpino, 
.1  Brotherton  hill,  and  at  the  Leach  lake  bands,  especially  near  Scott's  prospect. 

In  the  western  range  structural  conditions  are  very  di£Ferent  from  the  northern 
ange.  The  beds  are  broadly  folded,  but  not  nearly  so  intensely  corrugated  as  on  the 
;orthern  range.  For  this  reason  we  get  them  appearing  in  monoclines,  or  what 
ppear  to  be  monoclines,  though  the  angle  of  dip  of  the  beds  varies  from  12^  to 
ertical.  Gentle  cross  folds  may  traverse  the  monoclines,  producing  shallow  troughs 
n  which  ore  enrichment  might  be  expected,  or  dikes  or  bosses  of  eruptive  rocks,  un- 
oubtedly  present,  may  have  in  some  cases  given  the  necessary  basin.  It  is  very 
ossible  that  faulting,  particularly  faulting  parallel  with  the  dip  and  strike,  may  bo 
ery  common  in  both  the  northern  and  western  ranges,  and  this  may  in  many  caaes 
ivo  departures  from  the  general  rule  of  ore  deposition  and  ore  deposits. 

.  In  general,  the  iron  formation  at  the  surface  in  the  western  range  is  much  more 
ighly  ferruginous  than  on  the  northern  range.  This  is  supposed  to  be  due  not  so 
luch  to  any  original  difference  between  the  beds  in  the  two  ranges,  but  to  the  fact 
hat,  owing  to  the  more  broken  up,  brecciated,  jointed  and  faulted  condition  of  the 
ron  formation  in  the  northern  range,  concentration  of  the  iron  ores  at  the  bottoms 
f  troughs  has  gone  on  to  a  much  greater  degree  there  than  on  the  weslern  range. 
>n  the  whole,  this  may  be  considered  an  unfavorable  sign  for  the  western  range. 

It  may  be  suggested  that  the  beds  of  iron  formation  on  the  western  range  are  not 
tifficiently  wide  to  liave  ever  produced  a  large  ore  body.  At  first  'sight  this  would 
c?em  to  be  the  case  all  over  the  range,  and  probably  for  many  localities  this  objection 
i  a  good  one.  However,  it  must  be  remembered  that  in  the  case  of  the  western  range 
•e  speak  usually  of  the  thickness  of  the  beds  and  not  of  the  width  of  the  bands,  as  in 
he  ca.se  of  the  northern  range.  In  the  northern  range,  owing  to  the  intense  plica- 
ion,  the  width  of  the  bands  represents  the  thickness  of  the  individual  beds,  many 
imes  multiplied.  For  example,  in  the  case  of  the  Iron  lake  area  we  havo  no  means 
f  telling  how  thick  the  original  bed  of  iron  formation  was,  but  we  do  know  the  width 
f  the  band — often  600  feet  or  more.  Now  that  width  probably  represents  the  thick- 
ess  of  the  original  bed  at  least  twenty-five  times  repeated,  so  close  has  been  the 
dding.  It  may  be  supposed  that  the  lateral  extent  of  the  original  beds  of  iron  for- 
lation  was  not  less  on  the  wCvStern  range  than  on  the  northern  range,  proportionate 
f  course  in  both  cases  to  the  thickness.  For  this  reason  we  might  naturally  expect 
.9  large  an  ore-body  to  be  derived  from  a  fairly  thick  bed  of  wide  extent,  along  the 
Irike  and  down  the  dip,  as  from  a  wide  band  of  considerable  depth,  within  the 
imitations  that  the  amount  of  iron  formation  was  approximately  the  same  in  both 
ases,  that  the  two  iron  formations  were  equally  rich  in  iron,  and  that  the  means 
y  which  concentration  took  place  were  wpially  good  for  both.  Among  localities  of 
»irly  favorable  appearance  on  the  western  range  may  be  mentioned  Laird's  claims, 
iilia   river  bands,  David  Katossin   claims  and  Lost   lake. 
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In  general;  the  exposures  of  the  Helen  rocks  are  not  nearly  so  good  on  the 
western  range  as  on  the  northern,  and  the  structure  in  many  cases  could  not  be  S3 
▼/ell  ascertained  in  the  former  as  in  the  latter.  The  great  folding  on  the  Edey  claim, 
as  compared  with  the  comparatively  gentle  folding  on  the  Julia  river  bands  and  else- 
where, may  be  explained  by  the  fact  that  the  Edey  claim  is  close  to  the  centre  of 
greatest  plication  (close  to  the  edge  of  the  granite),  whereas  the  more  gentle  folded 
areas  are  more  remotely  removed.  For  a  similar  reason,  the  beds  of  iron  formation 
fiom  Maple  lake  to  Lost  lake  stand  at  higher  angles  than  those  of  other  localities. 


THE     UPPER     HURONIAN 

f 
Dore  Formation 

In  a  general  way  the  Dore  Formation  is  spoken  of  as  the  Dore  conglomerate,  but 
there  are  Dore  agglomerates,  Dore  tufiPs,  and  Dore  slates,  contemporaneous  with  the 
conglomerate,  though  the  latter  composed  by  far  tlie  greatest  part  of  the  formation. 

PETROGRAPHY  OF  THE  CONGLOMERATE 

The  Dore  conglomerate  is  the  most  extensive  true  waterlaid  sediment  in  the 
region.  It  is  an  exceedingly  mashed  rock  consisting  of  a  rather  fine-grained  matrix 
111  which  are  embedded  fragments  of  every  size  from  those  truly  microscopical  up  *o 
ethers  two  feet  in  diameter.  AU  the  pebbles  are  elongated,  some  nearly  oval-shaped, 
others  drawn  into  long  narrow  ribbons,  or  again  completely  granulated,  their  character 
lost  and  oven  under  the  microscope  scarcely  distinguishable  from  the  matrix  proper. 
Megascopically,  the  matrix  often  resembles  a  soft  grayish  chloritic  schist,  very  much 
decomposed,  occasionally  rusty,  and  where  pebbles  are  absent  in  some  places  indis- 
tinguishable from  a  schist  formed  from  an  igneous  rock.  Beneath  the  microscope 
the  prevailing  clastic  material  of  the  matrix  consists  of  quartz  and  chlorite,  the  former 
in  small  rounded  grains,  the  latter  in  irregular  frayed  flakes.  With  these  primary 
minerals  occur  a  great  deal  of  secondary  infiltrated  carbonate,  often  more  or  less 
oxidized  with  the  formation  of  hydrous  iron  oxide ;  much  chalcedonic  silica,  much 
srricite,  fairly  coarsely  crystalline  quartz ;  foils  of  muscovite  and  idiomorphic  crystab 
of  pyrite.  This  latter  secondary  material  occurs  as  re-cementing  substance  chieflv 
with  the  crushed  and  granulated  matter  formed  from  the  contusion  of  the  smaller 
pebbles.  These  crushed  pobhles,  generally  derived  from  rocks  of  igneous  origin,  mix 
with  the  altered  material  of  the  original  matrix  strained  plates  of  various  decomposed 
feldspars,  and  more  or  loss  worn  grains  of  much  altered  ferro-magnesian  minerals. 
Thus  tho  matrix  is  given  in  many  places  the  appearance  of  a  typical  igneous  rock,  and 
with  all  the  pebbles  comminuted,  might  easily  be  mistaken  for  a  rock  of  that  origin; 
t.ut  as  a  rule  the  real  nature  of  tho  rock  is  apparent  in  the  field  and  the  extreme 
pliasc  of  dynamic  metamorphism  is  rarely  seen  even  beneath  the  microscope.  Even 
rlioro  the  matrix  includes  no  additions  derived  from  tho  pulverization  of  the  pebbles, 
it  contains  comparatively  little  original  material  and  consists  chiefly  or  in  great  part 
of  secondary  minerals.  Thus  its  former  character  is  entirely  changed,  and  little  clue 
as  to  its  primary  condition  is  gained  by  its  microscopic  study.  Probably  it  was 
originally  a  rather  sandy,   argillaceous  material. 

In  some  parts  of  the  areas,  as  southwest  of  Black  Trout  lake,  near  the  Magpie 
river,  the  matrix  of  the  conglomerate  very  strongly  resembles  a  rusty  sericite  schist 
— and  since  it  contains  many  rounded  fragments  of  bluish  quartz,  it  has  the  general 
appearance  of  being  an  altered  quartz  porphyry.  In  addition  to  quartz  grains  the 
matrix  contains  zircon,  magnetite,  and  altered  feldspars  which  are  probably  primary 
fragments,  and  biotite  and  chlorite  which  may  or  may  not  be  secondary. 
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Like  the  matrix,  the  pebbles  are  much  decomposed.  The  following  rocks  are 
Fpreeented :  chert,  quartz,  quartz-porphyry,  massive  basic  igneous  rocks,  fine-grained 
/histosa  rocks  of  various  colors,  porphyrites,  black  slate,  and  Goally  in  places  granite. 
t  was  seen  that  the  proportion  of  these  rocks  to  each  other  varied  greatly  from  point 
C  point.  In  some  places,  particularly  adjoining  the  iron  formation,  cherty  rocka 
.redominate,  or  are  at  least  of  great  consequence,  while  farther  away  they  are  entirely 
vauting.  Pebbles  of  a  light  colored  soft  rock,  with  blobs  of  glassy  quartz  occurrinil 
n  a  sericitic  ground-mass — probably  an  altered  quartz- porphyry — and  others  of  a 
;rayish  much  altered  and  generally  porphyritic  granite,  are  perhaps  in  general  the 
nost  common.  The  pebbles  of  the  former  sort  are  probably  derived  from  the  mashed 
luartz-porphyries  which  form  such  an  important  part  of  the  volcanic  rocks  of  the 
jDwer  Huronian,  but  the  derivation  of  pebbles  of  the  latter  description  is  not  ho  easily 
ound,  and  to  my  knowledge  there  is  at  present  no  similar  granitic  rock  of  age  earlier 
ban   the  conKlomerato  existing   in  Michipicoten   from   which  these   very   characteriatio 


>(;bbleB  could  have  been  derived.  It  is  very  likely  that  pebbles  of  the  softer  schists 
md  less  silicious  rocks  were  originally  much  more  common  than  they  are  at  present, 
ind  often  are  still  seen,  but  the  intense  shearing  which  the  formation  has  undergons 
■as  as  a  rule  so  broken  them  up  that  they  are  no  longer  visible  or  are  indistinguishable 
rom  the  matrix.  In  some  places  the  pebbles  in  the  conglomerate  are  so  closely  pocksd 
Is  practically  to  exclude  the  matrix,  again  the  matrix  may  very  much  predominate 
ind  pebbles  be  vifiible  only  at  wide  Intervals.  The  granitic  pebbles  do  not  generallf 
-csemble  the  pnst-Huronian  granites.  They  are  much  more  porphyrltic  than  is  usuitl 
rith  the  granites  of  that  age. 

The  quartz  pebbles  result  evidently  from  the  disintegration  of  the  small  stringer* 
•nd  veinleta  of  this  mineral  which  are  of  common  occurrence  in  the  Michipicoton 
chists,  but  not  from  the  larger  veins  which  are  probably  of  later  age  than  the  ooa- 
{lomeratc.      The  pebbles  derived   from  the  Helen  iron   formation  included  In   the  Dor^ 
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conglomerate  are  mostly  of  the  coarsely  granular  chert  or  ''sandstone  jasper''  type, 
though  a  few  show  distinct  banding  and  are  obtained  from  impoverished  bande-j 
jaspers.  The  occurronce  of  these  pebbles  of  banded  jaspers  seems  to  me  a  further 
proof  that  not  all  of  these  rocks  composed  of  interbanded  layers  of  iron  oxide  and  of 
chert,  have  result€Kl  from  the  metasomatic  alteration  of  cherty  carbonates,  since  these 
alterations  could  not  have  taken  place  beneath  water  and  the  disintegration  of  tha 
Helen  formation  started  as  soon  as  it  was  elevated  above  water. 

The  pebbles  of  the  massive  basic  igneous  rocks  are  so  much  changed  that  their 
(riginal  character  can  barely  be  guessed,  but  it  is  presiuned  that  they  are  derived 
from  the  coarse-grained  greenstones,  often  schistose,  which  are  so  common  near  the 
bnse  of  the  Lower  Huronian  series.  Pebbles  of  the  more  easily  decomposed  schiflts  are 
scarcely  visible  in  the  conglomerate,  save  as  long  drawn  out  ribbon-like  lenaea  and 
these,  completely  chloritized,  so  much  resemble  the  matrix  as  to  be  indistinfEaiahable 
fiom  it,  save  occasionally  by  the  difference  in  color  in  the  hand  specimen.  A  few 
J  ebbles  of  black  slate  or  phyllite  were  observed  in  several  places,  and  the  fact  of  their 
occurrence  in  the  conglomerate  is  of  interest  in  showing  that  at  least  some  of  the 
rocks  of  this  character  belong  not  to  the  Upper  Huronian  but  to  the  Lower. 

PETROGRAPHY  OF  THE  AQQLOMERATE 

At  some  few  places  associated  with  the  conglomerate  and  grading  imperceptibly 
into  it,  is  a  soft  greenish  schist  containing  numerous  rounded,  lensoid  or  ribboned 
]'<ebbles,  or  more  correctly  what  at  first  sight  appear  to  be  pebbles,  but  which  on  dos^r 
examination  are  seen  to  bo  all  lithologically  similar,  and  are  apparently  bombs,  lapilli, 
or  other  volcanic  ejectamenta.  The  matrix  of  this  agglomerate  very  closely  resembles 
niogascopically  that  of  the  Dore  conglunierate,  but  microscopically  the  igneous  origin 
of  the  former  is  shown.  In  the  field  the  pseudo-pebbles  weather  lighter  than  tho 
matrix,  giving  it  a  peculiar  blotched  appearance  which  is  very  distinctive.  Typical 
exposures  of  this  pyroclastic  rock  are  visible  on  the  portage  from  Pitch-pine  lake  *^o 
Ibe  Dog  river  and  on  the  portage  from  the  Francos  mine  to  the  Dog  river. 

In   both  these    instances   the    agglomerate  is   directly    interstratified    with   the  con- 
plomerate.      Where,   however,    agglomerates  occur  which    are    not    directly    associated 
with  congIonierat?es,  then  it  is  not  so  easy  to  consider  them  of  Dore  age.     Agglomeratic 
rocks  wliich   are  probably  Lower  Huronian  in   age  jire  common,   and  these  can  hardly 
')e   distinguished  from   those   of   Upper  Huronian   age.     Agglomerates   appear   on   th^ 
sj'ores  of  the  sixth  lake  north  of  Dog  River  harbor,  on  the  route  to  lake  Michi-Biju, 
which    are  of  uncertain    age.      The   ground-mass  is  a  light  greenish,    chloritic,    felsit'c 
*»chist,  in  whicli  are  embedded  the  felsite  and  quartz  fragments,  elongated  parallel  to 
the  schistosity.       Similar  rocks  are  found  on  the  Lake  Superior  shore,  about  two  miles 
west  of   the   Dog   river;   on   Catfish  creek,  some  three  miles  north  of  Catfish  lake;  at 
the    nortlu'a^t    corner    of    Catfish   lake,    and    at   many    other    points.      Without    direct 
association  with  Dore  conp;lonierate  there  is  no  reason  why  these  rocks  can   be  classed 
\\ith   tlieiu,    {ind  for  the   present   th*\v   are  considered  Lower  Huronian. 

A  soniewliat  rare  pliase  of  the  Dore  agglomerate  is  one  in  which  the  larger  frag- 
i.ients  disappear.  The  at^jzlomerate  may  tlien  be  considered  a  tuff.  From  the  occur- 
lence  of  llie  Dore  aj^plonierate  it  is  evident  that  volcanic  activity  continued  dunn^ 
j.-pper  Huronian  times,  layinjr  down  volcanic  beds  in  connection  with  the  waterlatd 
sediments  of  the  conglomerate. 

At    a   ^roat    many  j^laces  in   the  Dore  formation   extensive   and   unequal  denudation 
has   brou^lit  to  the   surface   the   underlying   green  schist^s.    some   of  which,    as   already 
(iescribed,   are  altered    tuffs.      These  may   resenil)le   the    agglomerates    and   fine-grained 
luffs  contemporaneous  with  the  Dore  conglomerates,   and  may  not  easily  be  separable 
from    them. 
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PETROQRAPHY  OF  THE  SI-ATE 

A  EOmewhat  uncommon  phase  of  the  Dot4  conglomerate  ia  one  in  which'  pobblea 
are  entiri^lj  lacking.  Thif  is  practically  a  elate  or  phyllite,  closely  resembling  the 
BrKillacpous  rocks  beli>n(i;ing  to  the  Lower  Huronlan,  with  which  it  might  be  erron- 
eously classed  from  lithological  considerations,  were  it  not  for  its  intimate  connection 
with  the  Dor^  conglomerate.  The  long  point  which  divides  Minnesota  bay  from  the 
GOuthwdGtf rn   bay   of  Iron   lake  is  composed   at   loast   in   part  of  this   Upper   Huronian 


hi'Uitc,  and  similar  rocks  occur  with  the  Dore  conglomerate,  just  oast  of  the  mouth 
■the  Dog  river. 
The  Dore  conglomerate  must  not  be  confused  with  the  various  pEeudo-congionier- 
-^>S  which  occur  so  widely  and  are  almost  indistinguishable  from  the  water-formed 
'^k.  Several  of  these  have  been  already  described.  Tliey  are  usually  autoclaatic 
'^kfi,  and  a  typical  example  is  that  resulting  from  the  brecciation  and  subsequent 
'»»nf3ing  by  mashing  of  small  lenses  of  jasper  and  i|iiartz  occurring  in  soft  quartz- 
**"S»hyry  whi.sts.  This  phenomenon  is  well  observed  on  the  p:ccles  lake  claims,  where 
'     Places  the  sericitic  schist*  frimi   the  matriM  of  false-pebbles  of  qnartu  jasper. 

DISTRIBUTION  OF  THE  FORMATION 

The  distribution  of  the  Dore  formation  is  extensive  throuKhnut  northern  Michi- 
**oot«n_  Starting  near  the  entrance  of  Farwell  creek  into  the  eastern  branch  of  the 
'  W^»8wa  river  on  the  west,  it  entend<:  as  a  eontinuous  belt  in  a  direction  north  7'V 
9*at  to  the  south  shore  of  Iron  lake.  South  'if  the  western  cnii  of  Minnesota  bay  the 
'^^Tnation  out-crops  for  slightlv  over  a  mile  across  the  striki',  and  ai  a  >^n<i-plai  i 
V'irders  it  to  the  southward,  thi"  width  may  lie  somewhat  inereasetl.  From  Iron  lake 
*^«  band  gradually  narrows,  and  where  it  cro-i^ts  (he  Dor  river  is  probably  under  half 
»  mile  in   width.      An   isolated   oulrrop  of  (he   -onRlomerate  filled   with   chert   pebble... 
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occurs  in  the  eastward  continuation  of  the  trough  between  the  two  bands  of  iron 
formation  on  the  Katossin  claim.  This  outcrop  is  probably  one-quarter  of  a  mile 
north  of  the  main  belt  of  the  Dore  formation,  and  indicates  its  former  greater  ex- 
tension. The  phyllites  occurring  at  the  Rapid  of  the  Drowned  on  the  Dog  river  and 
cut  by  a  small  dike  of  acid  quartz  porphyry  at  the  southern  end  of  the  portage  from 
Pitchpine  lake  to  the  Dog  river,  are  probably  of  Dor6  age. 

From  the  Dog  river  the  formation  runs  east  towards  Paint  lake.     At  the  westera 
end  of  the  lake  no  outcrops  of  the  formation  were  seen,   but  it   reappears   north  ot 
Paint   lake   and   continues  eastward   to   Kabenung  lake,    just   south  of    and    opposite 
IserhofiP  island,  where  it   is  cut  off  by  granite  intrusives.     North  of  Paint   lake  the 
Dore   formation   is  nowhere  continuous  and  unbroken,   exposures   of   the  conglomerate 
alternating   with   outcrops    of    sericite   schists,   and    other    earlier   rocks.         Evidentl? 
erosion  haA   cut  through    the   later   rocks  and   exposed   the  underlying.      An    isolated 
appearance  of  a  conglomeratic  looking  rock  was  seen  about  half  a  mile  weat  of  Cray- 
fish lake,  just  beyond  the  boundary  of  the  granite.       It  is  doubtful  whether  it  is  to 
be  connected  with  the  Dore  formation. 

North  of  the  Kabenung  granite  mass,  the  Dore  formation  reappears  along 
the  north  shore  of  lake  Charlotte.  West  of  lake  Charlotte  outcrops  of  the  conglomer- 
ate are  wanting  as  far  as  the  northern  neck  between  east  and  west  Kabenung  lake, 
where  the  formation  is  observed  to  be  running  about  southeast,  and  it  continues 
in  this  direction  as  far  as  White  Water-Lily  pond.  Here  it  turns  abruptly  and  passes 
oil  to  the  north  of  Leach  lake  in  a  more  or  less  easterly  direction,  than  northeasterly. 
North  of  Water-Lily  pond  the  width  of  the  formation  is  some  700  yards,  but  appear- 
ing frequently  with  the  conglomerate  are  outcrops  of  the  mashed  quartz-porphyry, 
again  showing  that  erosion  has  eaten  in  many  places  through  the  Upper  Huronian 
and  brouglit  the  older  rocks  to  the  surface.  North  of  Leach  lake  the  Dor^  formation 
bends  around  the  intruding  granite  boss,  and  passing  to  the  north  of  Lonely  lake 
crosses  lake  Desolation. 

Eastward  from  lake  Desolation  no  rocks  certainly  belonging  with  the  Dore  con- 
glomerate are  found,  but  there  are  rocks  which  may  be  part  of  that  formation  and 
v/hich  are  tentatively  classed  with  it.  These  rocks  which  consist  of  a  fine-grained 
chJoritic  and  micaceous  matrix,  with  many  * 'pebbles"  or  what  appear  to  be  pebbles 
of  granite,  felsite,  and  rarely  quartz  embedded  within  it,  may  be  conglomerates;  but 
from  the  fact  that  no  definitely  clastic  material  is  discoverable  beneath  the  microscope 
they  cannot  be  definitely  said  to  bo  water-formed.  Moreover,  the  pebbles  consist  in 
the  main  of  the  same  elementary  minerals  as  the  ground-mass,  which  gives  it  the 
c:eneral  character  of  a  volcanic  breccia  or  agglomerate.  However,  the  fragments  are 
fiequcntly  rounded  and  resemble  pebbles  or  cobbles  worn  in  or  by  water.  Again,  on 
the  other  hand,  they  are  sometimes  drawn  into  long  lenses,  but  certainly  true  con- 
gIomcratc\«<  contain  pebbles  drawn  into  similar  lenses.  Another  point  which  seems 
to  suggest  tlicir  not  being  true  conglomerates  is  the  absence  of  pebbles  of  all  rocks, 
not  of  the  same  character  as  the  matrix,  save  quartz.  ''Fragments'*  of  quartz  are 
comparatively  rare,  and  those  found  may  not  in  reality  be  true  fragments,  but  may 
be  material  introduced  by  solutions  after  the  laying  down  of  the  rocks,  since  they  are 
generally  long  and  lonsoid,  like  tiny  veinleta.  In  the  field,  however,  these  rocks  look 
distinctly  like  conglomerates  and  are  at  present  considered  as  such..  They  outcrop 
at  about  two  and  a  half  miles  north  of  lake  Pasho-Scoota,  southeast  of  the  lake  dq 
the  north  boundary  of  township  29,  range  26,  near  Evans  creek,  and  on  the  eastern 
side  of  the  Magpie  on  Cradle  Creek,  less  than  a  mile  above  its  mouth.  At  the  last- 
named  place  the  fragments  of  granite  and  granitic  rocks  are  particularly  common  i  i 
the  matrix.  One  thing  that  may  be  remarked  in  connection  with  these  doubtful 
ccnglomerates  is  that  they  always  occur  close  to  the  edge  of  the  granite. 

Bands  of  conglomerates  appear  on  the  southern  boundary  line  of  township  28, 
range  26,  at  and  below  McKinnon's  bridge,  at  the  Steep  Hill  portage  on  the  Magpie, 
and  near  Black  Trout  lake,  and  a  wide  area  extends  eastward  from  the  mouth  of  the 
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iJor^  river  for  some  six  miU'S.  Tlic  Dure  river  bund  has  been  described  by  I'rotessor 
(rol«man>^  and  need  not  be  mentioned  tiore.  The  Vore  conglDm^rate  Gouthn'Cht  at 
Elai'k  Trout  lukc  has,  as  has  been  mentioned,  a  ground-mass  I'cry  much  resembling 
a  quartz-porphyry  sfhist.  The  pebbles  consist  chiefly  of  quartz  porphyry,  granite,  aoJ 
quartz,  though  narron  lensos  of  dark  greenish  material  may  represent  draivu-ou^ 
giccn  echist  pebbles.  Often  the  rock  has  a  distinct  agglomeratic  appearanco,  and 
Pia.v  indeed  sometimes  bo  an  agglomerate. 


Till)  conglomerate  wliicU 
Magpie   river,  contains 


s  just  abovi!  and  jii»t  bi'loiv  MiKinnon's  briiijio  o'j 
es  much  squee/.cd  and  flongated,  parallel  t-.t  the 
1  thoso  visible  nitli  the  miero.'i'opc  up  to  utln^rt  six 
1nch(^s  long.  Febite  and  acid  purphyrites  arc  thu  cummoiiust  pebbles,  but  several  i^f 
ii£ty  chert  may  aliso  bo  observed.  Tht;  phyliitcs  nhich  appear  on  iho  right  bank  oi 
the  riviT  just  below  the  ooiii-loiiierale.  aro  apparently  of  tlic  Dor,'-  formation.  They 
are  for  the  most  part  almost  black,  but  have  iiitorbanded,  much  narrower  bands  of 
light  gray  pbylliti'.  which  is  sometimes  somewhat  coar.'f- grained  and  resembles  a 
graywacke.  The  outcrop  shows  well  the  rchttionship  existing  between  true  bedding 
and  cleavage.  The  bedding  planes  strike  N.  aW  W.,  whereas  that  of  the  planes  of 
schistosity  (or  slaty  cleavugci  is  N.  fifi^  W.  The  true  dip  also  is  vertical,  whereas  tho 
dip  of  the  planes  of  schis-tnsity  is  in  a  northeasterly  direction  at  about  OO^.  Tho  out- 
crop rery  strongly  nsembles  that  of  phyllit<«  and  arkose  on  Kced  lake  already 
described.  It  has  already  been  mcntionod  in  describing  that  occurrence  tluit  the  aga 
of   these  rocks  was  uncertain,   and  they   may  in  reality  bo  Upper  Uuronian. 

In  the  western  lliironiati  arfn.  'iiileriiiis  ui  the  l)ii|-r.  formation  nro  r:irr>.  Thero 
is  a  charneteristic  exposure  of  Dorr^  cringbimfratc  with  associatc'd  pliylliti>:i  jii-i  east 
of   the  mouth   of  tho   Dog   river.     This   biiml    ruiif   in   a   direciion    \.    in-    \V.,   ;,nd    I 
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believe  crosses  the  Dog  river  a  short  distance  above  its  mouth.  The  most  common 
ppbbles  are  of  granite,  and  next  to  granite  those  of  chert.  The  schist  pebbles  ar<» 
Diiich  flattened,  and  all  pebbles  are  elongated  parallel  to  the  foliation.  None  of  the 
pebbles  are  very  large,  those  six  inches  long  being  about  the  longest.  There  ib  a 
wide  outcrop  of  Dor^  conglomerate  near  the  eastern  branch  of  the  Pucaswa  river^ 
southwest  of  lake  £llen.  The  ordinary  pebbles  occur  and  the  matrix  is  of  character- 
iF.tic  appearance.  The  width  of  the  band  is  at  least  a  mile  at  the  widest  point,  but 
in  this  distance  earlier  rocks  than  the  Dore  conglomerate  appear  at  the  surface  an  J 
indicate  the  removal  by  erosion  of  part  of  the  conglomerate,  and  the  laying  bare  of 
tlie  underlying  rock. 

It  is  impossible  to  estimate  the  thickness  of  the  conglomerate  in  northern  Michi- 
picoten.  owing  to  its  complexly  folded  character.  It  has  been  observed  that  its  width 
scuth  of  Iron  lake  is  at  least  a  mile.  At  this  point  folding  is  particularly  close,  and 
its  beds  are  almost  all  standing  in  vertical  attitude.  It  is  probable  that  the  thickneea 
is  many  times  repeated.  Secondary  structures  are  strongly  developed.  Cleavage  and 
schistosity  are  parallel  to  the  axes  of  the  isoclinal  folds,  and  to  the  boundary  between 
the  Helen  formation  and  the  Dore  formation.  Truly  ascertained  bedding  is  seldom 
soen,  excepting  in  the  more  slaty  varieties  of  the  conglomerate.  In  the  conglomerate 
occurring  just  east  of  the  Dog  river,  considering  the  dip  to  be  uniform  at  90®  or 
vortical  across  the  bed  and  prisuming  there  is  no  reduplication,  the  width  and 
thickness   correspond  at  109       yards  (68  yards  conglomerate  and  41  -     yards  phyllite). 


THE  POST-HURON! AN  ACID  ERUPTIVES 

Note.— To  accord  with  the  new  system  of  Archean  nomenclature,  and  also  to  correspond 
with  previous  mapping  of  the  region  by  Professors  Coleman  and  Willmott,  these  rooks  should, 
in   part  at  least,  be  called   "Laurentian**. — T.W.Q. 

The  post-Huronian  acid  oruptives  consist  of  granites,  felsites,  syenites  and  quartz- 
lorphyries.  These  rocks  are  all  more  or  less  sheared,  but  never  as  much  so  as  are 
the  acid  schists  which  they  intrude,  and  this  fact  is  occasionally  a  method  of  dis- 
tinguishing them  from  the  older  rock.  As  they  are  intrusive  through  the  Lower 
Huronian  schists,  and  the  Helen  formation,  as  well  as  through  the  Upper  Huronian 
Dore  conglomerate,  they  are  of  course  younger  than  these  formations.  This  relation 
is  obtained  from  ample  evidence  seen  along  the  contact  of  the  granite  with  the  variods 
formations,  and   representative   instances  will   be  given   later. 

So  far  as  certainly  known,  all  the  post-Huronian  acid  igneous  rocks  were  eruptiv*^ 
rather  than  effusive,  hut  some  of  them  may  have  heon  the  latter,  as  shown  by  au 
isclated  examplf*  to  the  northwest  of  Iron  lake,  where  a  devitrified  lava,  probably  a 
tiachyto.  witli  a  felsitic  ground-mass,  shows  faint  evidence  of  flow-j^ructure,  From 
This  single  occurrence  little  information  can  he  i^ained,  hut  doubtless  very  careful 
stu('.v  sjhui^  the  coutuct  of  tlie  Huronian  rocks  with  the  post-Huronian  acid  eruptives 
would   do  much   to  elucidate  this   as   well    as  many  other  difficult   problems. 

Petrography  of  the  Eruptives 

Kroin  a  texturMl  standpoint  the  acid  eruptives  are  divisible  into  two  distinct 
]»hase<i-  the  ]tor])hyritic  facie.*;,  and  the  granitoid  facies.  To  the  former  belong  not  only 
Oie  quartz  porphyries,  niid  syenite  porphyries,  hut  the  felsites  which  are  always  more 
or  les^  ])orphyritic  with,  feldspar  pheno<rysts.  To  tlie  latter  belong  the  granites  an.1 
rvenitfv^. 

The  post-Huronian  quartz-porphyry  does  not  differ  materially  in  macroscopicnl 
pppearauce  from  the  rocks  of  the  same  species  belonging  to  the  TiOwer  Huronian,  save 
as  a  rule  in  that  the  former  is  less  porphyritic.  fresher,  and  somewhat  less  strained 
thnn  the  latter,   hut   sometimes  near  the   contact  they  are   almost  indistinguishable. 


1905  Iron  Ranges  of  Michipicoten  West  347 


ThB  typical  quartz  porphyry  shows  an  aphanitic  ground-mass  dotted  with  variosi^i 
phenocrysts.  Beneath  the  microscope  the  ground-mass  is  seen  to  he  almost  micrj- 
tplsitic  in  texture,  and  to  consist  of  variouA  feldspars  (hardly  recognizable  but  prob- 
ably orthoclase,  microcline  and  acid  oligoclase)  with  biotite,  hornblende,  and  quartz. 
Muscovite  is  a  common  secondary  product  of  the  feldspars,  and  with  it  is  often 
associated  some  carbonate.  The  biotites  are  often  chloritized.  Pyritefi  is  a  c(Hnmon 
accessory.  In  this  ground-mass  are  embedded  the  comparatively  large  phenocrysts 
of  quartz,  with  others  of  orthoclase  and  acid  oligoclase.  Many  of  the  quartzes  are 
granulated,  and  those  which  are  still  intact  show  undulatory  extinction.  The  feld- 
spar phenocrysts,  always  strained,  are  surrounded  by  a  halo  of  degradaFional  minerals. 

By  an  increase  in  the  quantfty  of  feldspar  and  in  the  ground-mass,  and  by  a 
decrease  in  the  number  of  phenocrysts,  the  quartz-porphyry  grades  into  a  felsite. 
By  a  decrease  in  the  quantity  of  quartz  both  as  phenocrysts  and  in  the  ground-mass, 
f>nd  a  relative  increase  in  the  number  of  feldspar  phenocrysts  and  of  biotite  and 
hornblende  in  the  ground-mass,  the  type  passes  into  a  mica  syenite  porphyry.  This 
is  really  the  transitional  rock  between  the  rocks  of  porphyritic  texture  and  those  of 
gianitoid  texture,  for  though  ii  contains  numerous  phenocrysts,  the  ground-mass 
is  not  felsitic  but  f2:ranitoid.  In  some  cases  the  phenocrysts  are  so  common  as  almost 
to  exclude  the  ground-mass.  They  are  often  large  and  consist  of  oligoclase  (An^  Ab?,) 
I'licrocline  and  microperthite.  Oligoclase  in  large  automorphic  plates  is  the  most 
cummon  species.  It  occasionally  shows  zonal  decomposition^  and  is  with  the  othsr 
feldspars  much  squeezed,  sometimes  comminuted,  and  often  surrounded  by  rings  of 
M.'condary  minerals.  The  ground-mass  contains  the  original  minerals  biotite,  quartz^ 
apatite,  titanite,  pyrite  and  the  feldspars.  Biotite  is  not  a  very  common  mineral, 
r.nd  is  sometimes  chloritized.  Quartz  is  rare,  but  secondary  chalcedony  has  developed 
from  the  decay  of  the  feldspars.  Apatite  occurs  as  inclusions  in  the  feldspars  and  even 
in  pyrite.  Titanite  is  common  within  all  the  feldspars  as  small  irregular  rhomboids 
ana  occurs  independently  in  large  granular  masses.  Pyrite  exists  in  regular  squaro 
Hnd  triangular  forms.  Calcite,  muscovite  and  secondary  microcline  are  alteratio/i 
products  of  the  original  feldspars. 

From  the  ground-mass  of  the  mica-syenite  porphyry  the  normal  granite  type 
ciffers  only  in  an  increase  in  the  amount  of  quartz  and  a  decrease  in  the  amount  of 
plagioclase,  as  compared  with  orthoclase.  As  a  rule  it  is  a  medium  to  coarse  graineJ 
rock  containing  the  following  original  minerals— quartz,  microcline,  orthoclase,  olig(^ 
clase,  biotite,  rarely  hornblende  with  titanite  and  apatite.  The  rock  is  always  sheared, 
nil  the  minerals  show  strain,  and  zones  of  granulated  quartz  with  various  metamor- 
phic  minerals;  muscovito,  epidote,  chlorite,  calcite,  etc.,  occupy  the  spaces  betwee-i 
the  larger  but  always  more  or  less  corraded  individuals. 

By  a  decrease  in  the  quantity  of  fcrromagnesian  minerals  the  normal  gran>te 
passes  into  a  quart z-microcline  granite,  almost  free  from  ferromagnesian  minerals. 
By  an  increase  in  the  ferromagnesian  minerals,  and  by  a  decrease  in  the  amount  of 
quartz,  the  rock  becomes  a  hornblende  granite  or  normal  syenite.  The  quartz  micr«>- 
cline  granites,  hornblende  granites,  and  syenites  are  all  common  rocks  in  the  acid 
eruptive  complex  of  Michipicoten. 

The  post-Huronian  acid  eruptives  which  enclose  the  areas  of  Huronian  rock^, 
are  of  extremely  irregular  outline,  but  they  are  all  apparently  connected  with  the 
immense  area  of  gneissic  and  granitic  rocks  which  form  such  a  prominent  part  of  th^ 
Archean  of  Central  Canada.  Howovor.  considering  the  slight  knowledge  of  the  granites 
and  gneisses  lying  north  of  Michipicoten.  this  may  seem  rather  a  bold  statement,  and 
'C  is  probable  that  there  are  granites  and  gneisses  of  more  than  one  age  in  this  huge 
complex. 

Distribution  of  the  Eruptives 

Beginning  at  the  Magpie  river  on  the  east,  the  boundary  of  the  acid  eruptiv«^s 
may  be  traced  as  follows.  The  boundary  crosses  the  Magpie  about  one  mile  south 
!>f  the  foot  of  the  Long  Rapid.     It  then  strikes  northwesterly,   north   of  the  lake   on 
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the  northern  boundary  of  township  29,  range  26.  Thence  it  follows  a  Bomeriiib 
westerly  course  to  the  eutern  end  of  Kabenun£  lake,  and  beyond  that  body  of  water 
north  of  lake  Charlotte  to  lake  George.  It  then  suddently  turns  east,  and  crossing  tlu 
Dog  river  near  the  mouth  of  the  Crayfish,  it  continues  an  eastward  course  sonth  of 
lake  Charlotte.  Thence  it  bands  southeastward,  and  encloses  Big  island  of  Kabeou'sj 
luke,  forming  the  Kabenung  granite  boss.  F.rom  Kabenung  lake  the  boundat?  teodi 
oC  an  apoph.vsis  which  cuts  the  Helen  formation  at  mount  Raymond.  It  then  bendi 
north  and  recrosses  the  Dog  river  at  the  head  of  the  rapids,  just  north  of  Heart  lab. 
From  the  Dog  rirer  its  course  is  in  a  general  west-southwesterly  direction,  as  tu 
as  a  point  about  seven  and  a  half  miles  nest  of  Ellen  lake.  Here  the  Huronian  rocki 
seem  to  die  out,  and  the  granite  boundary  turns  east,  and  running  first  in  an  etat- 
northeasterly  direction  and  then  straight  east,  it  crosses  the  Dog  river  just  belov 
the  month  of  Ekinu  creek.  Theutw  it  (»ntinues  eastward  and  crosses  the  northern  am 
of  Jimmy  Kash  lake.       From  Jimmy  Kash  lake  it  runs  northeastward  to  Lac  Poisson 
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Gris  and  encloses  Leach  lake.  From  Leach  lake  it  bends  southerly  and  then  soutb' 
B-esterly,  crnssint;  the  southern  boundary  of  township  31,  range  26,  near  the  crossing 
if  the  Doro  river.  Thence  it  bends  southeast  almost  to  Catfish  take  and  then  turni 
n  ore  soutlicrly  to  Black  Trout  lake.  From  the  southern  end  of  Black  Trout  lake  i- 
pursues  a  guneral  southwestcilv  course,  south  of  Dore  lake,  reaching  the  shore  of  Lite 
Superior  between  the  mouth  of  the  Dore  and  Little  Bear  rivers. 

Occasional  very  Email  isolated  outcrops  of  Huronian  rocks  are  said  to  appeW 
along  the  shore  of  Lake  Superior  westward  from  the  mouth  of  Little  Bear  river;  bnt  M 
decided  Huronian  area  i.s  seen  until  a  point  about  one  mile  west  of  Mountain  Aah  riref 
is  reached,  and  this  may  be  said  to  be  the  boundary  between  the  post-Huronian  W'^ 
eruptives  and  the  Huronian  rocks.  From  here  the  line  between  the  two  BeriM  rnW 
northeastward  to  the  Dog  river,  which  it  crosses  about  eight  miles  above  its  month. 
It  then  turns  southward  and  crossing  the  western   bay  of  Duck  lake,  it  continued  A* 
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'  for  about  two  miles,  where  it  bends  eastward  to    a    point    abont    three 
of  the  mouth  of  the  Eagle  river,   whence  its  course  to  the  Lake   Superior 
>ut  south, 
een  miles  west  of  the  Eagle  river  granites  prevail  along  the  Lake  Superior 

near  Pilot  harbor  schists  reappear.  The  boundary  botweea  the  BchisU 
inite  strikes  north- northeast  from  this  point  to  the  eastern  branch  of  the 
rer.     It  then   bends  in  a  generally  easterly  direction  to  the  shores  of  lake 

of  Michi  lake,  and  of  KatEOnbaoh  lake.  Thence  it  turns  south 
'  to  the  eastern  margin  of  Katzenbach  lake,  and  then  bends  west  around  th» 
ke  Michi-Biju.  From  the  western  bay  of  this  body  of  water  it  strikes 
west  to  Floating  Heart  lake,  whence  it  runs  west-southwest  north  r>[ 
nd  Maple  lake.  West  of  Maple  lake  it  bends  easterly  again  and  pursun 
last-southeastorlj    course   for   about   six   miles,   then   it   turns   northeBsterl.? 


Laurenl»-llur<>iiiaii  (.■<>niai-l,  near  Kugle  river,  Luke  Suiwriur. 

ilea,  and  then  generally  easterly  for  four  miles  as  far  aa  the  crossing  «f 
ry  of  the  Michipicoten  Mining  Division.  Thence  the  boundary  gradually 
md  from  east  to  northeast,  then  north,  and  then  northwest,  and  finally 
ron  Uke.      From  Miron  lake  it  bends  northwesterly  as  far  as  a  point  three 

miles  west  of  Elicn  take.  From  this  place  its  course  to  the  Lake  Superior 
out  west -south  west,  a  distance  of  some  miles.  I  have  placed  the  boundary 
e  post-Huronian  acid  eruptives  and  the  Huronian  rocks  on  the  point  be- 
lardson's  harbor  and  the  mouth  of  the  Imogen  river.  Previoue  geologists 
have  put  it  at  Otter  Head,  some  six  and  a  half  miles  farther  west.  I 
■d     it     on     till'    point     wi'st      of      the      Imc^en      because      the      few      areas 

which    appear    west    of    this    point  are  small  and  unimportant,   and   ara 

merely  indu^ions  within  the  predominating  granite.  On  the  other  hand, 
2nt   areas   of   pugt-Haronian   acid   eruptive   rocks  occur  eastward    from   thia 

the  largo  area  of  granite  near  Pilot  harbor  c 
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these  large  areas  at  granite  which  enclose  the  Huronian  rocks,  there  in 
and  bosses  of  post-Huron ian  acid  eruptives  which  are  found  within  th» 


Contact  with  the  older  rocks 

Among  the  post-Huronian  acid  eruptires  there  is  a.  tend«nc;  to  assume  the  po.- 
pliyritic  or  felsitic  phase  towards  the  contact  with  the  older  rock,  while  away  froci 
the  contact  the  coarse-grained  granitoid  type  prevails.  Furthermore,  it  w««  noticed 
that  these  porphyritic  or  felsitic  rocks  were  in  some  places  near  the  contact  'o 
schistose  that  often  they  closely  resembled  the  Lower  Huronian  acid  igneous  roct=. 
imd  the  boundary  was  in  these  places,  in  consequence,  delineated  with  some  difficult) 
This  highly  foliatod  phase  of  the  acid  rocks  is  more  common  towards  the  edge  of  th^ 
main  mass,  or  its  larger  ofFshoots  than  in  the  less  prominent  bosses,  and  often  the 
smaller  apophyses  injected  int«  lower  formations  are  coarse-grained.  It  may  Iw 
presumed  that  the  latter  were  intruded  in  depth,  while  the  former  owe  their  por- 
phyritic  and   felsitic  character  to  intrusion  t\ot  far  from  the  cooling   infiuence  of  the 


if  I'jiirlo  river,  Ijike  Suprrii'r, 


A  very  interesting  contact  is  that  seen  north  of  lake  Charlotte.  This  body  ol 
water  is  situated  in  the  long,  narrow,  westwardly  opening  ombayment  of  Huroni»n 
rocks  lioundwl  to  the  south  by  the  Kabonung  granite  boss,  and  tio  the  north  by  tli« 
main  masij  of  post-Huronian  acid  eruptlvcs.  The  contact  hero  described  is  probably 
niapy  times  ri'peHfed  along  the  edge  of  the  Huronian  areas,  but  at  this  particulif 
point  it  is  better  shown  than  elsewhere  becau«o  all  the  vegetation  has  been  removw! 
'ly  H  fire  which  swept  the  country  around  lake  Charlotte.  The  rocks  esposed  along  tha 
lujrthcrn  shore  of  the  lake  include  banded  rusty  cherts,  hornblende  schists,  micaceous 
schists    and   epidote    schists.      The   hornblende    scliists   arc    for   the   most    part    bandcJ 
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cherts  changed  by  contatt  metamorphiam,  and  the  micaceous  and '  epidotic  schists, 
chloritic  schists  similarly  altered.  With  them  are  interstr stifled  narrow,  very  light 
colored  silicious  quartz-porphyry  sheets.  Passing  northwards  from  the  lak«  the  sh^eta 
f,i  quartz-porphyry  and  gneisaic  felEit«  increase  in  number  in  the  schists,  the  sheeti 
become  wider,  and  the  bands  of  schist  narrower  and  more  intensely  metamorphoeed. 
>iumerouB  apophyses  connect  the  various  sheets.  Still  farther  north  the  irruptivc 
rotks  prevail  over  the  invaded,  and  at  a  little  more  than  a  quarter  of  a  mile  bade 
f.om   thp   water   alonp   appear. 
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South  of  lake  Charlotte  and  between  that  body  of  water  and  Nematequin  lak^ 
cccurs  the  contact  of  the  green  schists  with  the  Kabenun^  granite  boes,  which  is 
entirely  different  from  the  northorn  contact.  It  is  abrupt,  decided  and  closely 
demarcated.  The  granite  is  coarse-grained  and  often  purphyritk',  cucloscB  numero'is 
Irogments,  and  sends  off  short  apophyses  into  the  schists. 

The  best  visible  contact  of  the  acid  omptivea  with  the  Helen  formation  is  that 
Bi>en  at  mount  Raymond,  just  west  of  Faint  lake.  Here  an  arm  from  the  Kabcnuii'^ 
tranite  boss  cuts  across  the  belt  of  Helen  sediments.  Tho  alteration  of  the  Helo't 
sediments  to  various  amphibole  schists,  of  the  slates  to  epidote  schists,  and  the  occur- 
nnce  of  wide  veins  of  quartz  and  of  deposits  of  very  impure  magnetite — all  contac^ 
phenmnena  due  to  the  intrusion  of  the  huge  granitic  mess — have  already  been  described. 
The  changes  in  the  intruding  rock  a  fineissoid  granite  porphyry,  are  also  interesting 
The  immediate  edge  of  the  boss  is  highly  foliated  and  toward.s  the  centre  it  is  coarse- 
grained and  but  slightly  schistose.  Niizucrous  fragments  both  of  the  iron  formation 
F.nd  of  the  schists  which  border  it,  arc  enclosed  within  the  irrupitvc  toward  the  edg<>. 

The  eruptive  relations  of  tho  post-Huronian  acid  igneous  rocka  with  the  Dorii 
formation  are  not  no  well  shown  in  the  northern  part  of  Michipictiten  as  in  tlie  .■iouthorn 
part.  However,  on  the  shores  of  East  Kabenung  lake  and  to  the  south  of  lak^ 
Charlotte,   narrow   dikes   of   granite,   apophytes   from   the   Kabenving   granite,    cut    tiie 
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formation.  An  excoUont  contact  of  the  Dore  formation  with  the  post-Huronian  granite 
occurs  on  the  Lake  Superior  shore  a  few  miles  west  of  the  Dore  river,  and  distinctly 
shows  the  irruptivo  relations  of  the  latter. 

Somewhat  interesting  is  the  geological  section  exhibited  along  the  Lake  Superior 
shore  from    Otter    Head    eastward.         Owing  to  the  constant    washing    of    the    waves, 
the  rocks  are  excellently  exposed,  and  the  relations  existing  between  them  well  showa. 
At  Otter  Head  the  rocks  consist  of  small  areas  of  evenly  banded  gneiss,  ordinary  light 
rrrddish  grau'to.  coars:«-p:raiiiod  pegmatite,  quartz  and  calcite  veins,  and  diabase.      Th« 
(rneiss  is  composed  of  alternating  bands  one-quarter  of  an  inch  and  less   in  width  of 
dark  colorod  minerals,  chiolly  biotite,  and  of  light  colored  minerals,  chiefly  ortholcase, 
Ciigoclase  and  quartz.     The  light   colored   granite,  which   is  probably  the   commonest 
reck,  is  a  typical  post-Huronian  eruptive.     The  pegmatite,  consisting  chiefly  of  large 
individuals   of  feldspars,   quartz    and   biotite,    was   probably    formed    as  the    result  nf 
ftteam   acting;   upon   the  hot  granitic   magma,   cither   during  or  immediately   following 
its   intrusion.       The  veins   are  later  than  either  granite  or  pegmatite,  but   probably 
they  owe  their  origin  to  the  circulating  thermal  waters  which  followed  and  were  the 
result  of  the  granitic   intrusion.       Eastward  from  Otter  Head  the  inclusions  of  gneiss 
appear   of   finer    grain,    though  always   very   evenly   banded.      Gradually  they    become 
more    common,   increase   in    width,   become   definite    bands    alternating  with    areas   of 
granite  and  more  closely  resemble  the  ordinary  types  of  schist.     Sometimes  the  bands 
of  schists   are  crossed   by   dikes  of  granite  joining  two  sheets  of  this  rock.      Finally, 
at  about  six  and  a  half  miles  east  of  Otter  Head,  the  granites  give  place  to  the  schists 
end  the  latter  become  the  prevailing  rock. 

The  patches  of  acidic  gneiss  which  occur  at  Otter  Head  are  interesting  as  exhibit- 
ing a  ro^k  which  is  very  common  in  the  acid  eruptive  complex  stretching  northward 
towards  James  bay,  often  in  considerable  areas.  It  is  my  opinion  that  this  acid 
gneiss  represents  a  much  metamorphosed  quartz-porphyry  or  the  metamorphosed 
plutonic  equivalent  of  a  quartz-porphyry,  and  that  it  is  of  the  same  age  as  the  Lower 
Huronian  acid  schists.  My  reasons  for  thinking  that  this  gneiss  is  of  the  same 
age  as  the  Lower  Huronian  schists  are: 

(1).  All  around  the  contact  of  the  post-Harcnias  grsnito  with  the  Lower  Huroniaii 
ecbi.sts,  we  find  these  areas  of  gneiss,  and  there  seems  often  to  be  gradual  transition^ 
tetween  the  true  gneiss  and  the  schist  inclusions,  similar  to  but  more  metamorphosed 
than   thoso  schists  outside  the  granito.       (See  north  of  lake  Charlotte). 

(2).  There  is  no  evidence  of  greater  straining  of  the  minerals  composing  the  gneiss 
than  of  the  minerals  composing  the  quartz-porphyry  schists. 

(3).  There  soems  to  be  no  unconformity  at  the  base  of  the  I^ower  Huronian  Ul 
for  th«t  Tiiattor  wo  know  what  rocks  of  the  Lower  Huronian  lie  at  its  base). 

T  have  mentioned  the  fact  that  there  is  found  very  commonly  in  the  Dore  coa- 
glomerato  a  certain  sort  of  granite  pebble  very  characteristic  of  that  formation,  and 
that  no  earlier  granitic  rock  is  known  which  could  have  supplied  these  pebbles.  Now 
thij»?  granitic  rr)ck  must  either  have  been  entirely  removed  or  completely  covered  bT 
later  rocks,  or  else  have  clianged  its  state,  been  re-fused  or  re-granitized.  It  cab 
hardly  liavo  been  alto.ojethor  reinoved  or  covered  because  the  area  is  large  and  th^ 
granite  pebbles  of  tins  sort  occur  everywhere  within  the  Dor^  conglomerate.  In  favo* 
of  the  hypotlicsis  of  a  chan^^o  of  state  there  seems  to  be  visible  support-  in  the  many 
areas  of  acid  gneiss  within  the  granites, ^6  and  in  the  fact  that  these  gneisses  wherever 
they  occur,  have  a  peculiar  irregular  contact  with  the  granite,  as  if  the  gneisses  haJ 
ifoon  re-fnscd  or  in  some  way  re-crystalliz^d.  Perhaps  the  word  **re-granitizatioD" 
in  hotter  than  "re-fnsion"  since  in  onr  present  knowledge  of  granites  it  is  not  known 
v'hether  or  not  they  are  a  product  of  fusion.  Thus  the  areas  of  gneis.s  may  represent 
the  metamorphosed  remnant  of  the  rock,   from  which  the  granite  pebbles  of  the  Doi^ 

!••  rhiN<'  flroHs  of  iu-i<l  frrn'iss  u'n'ntly  pri'dmninHtf  ov«t  tho  trranitcs  in  tlie  nold  iBrnoons  complex,  espoc- 
Inlh  Tiorthwanl  nwnv  from  the  ctmtacl.  Tlie  trii«'i*^M-s  nnd'jrrnnlte  nn»  p«»TU'rnIly  ol«R«od  t/>jr(»»hor  «r  I^iirentiMi 
ntnl  nn'riftrii  vi-rv  (Hftifult  to  s«M>Hrnt(' :  Itnt  it  will  l»o  urnleTMnod  that  the  prnnitcs  and  allied  rocks  are  con- 
fildtTrd  I'ost-Huroniaii— tin.' >:nois»ifS.  U»\\or  Huronian. 
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coiislom«rat«  were  derJTed.  Dnrinc  the  folding  of  the  Hnronien  roclu  and  in  the  main 
the  direct  reanlt  of  it,  came  the  re-grftnitiMtion  of  the  Lower  Huroni&n  acid  igneom 
rocks,  which  moat  have  existed  in  quantities  largely  predominatins;  all  other  rooln 
and  the  consequent  intrusion  ef  vast  masses  of  granites  and  allied  rocks.  This  is 
rather  too  large  a  question  to  be  considered  here  in  further  detail. 

Host  of  the  quarts  and  calcite  veins  which  appear  in  Michipicoten  were  the  direct 
leault  of  the  granitic  intrusions.  Some  Bmaller  quarts  veins  must  have  existed  before 
Upper  Hnronian  times,  as  evidenced  by  the  presence  of  quarts  pebbles  in  the  Dori 
conglconerate.  The  post-Huronian  veins  are  probably  for  the  most  part  of  the  type 
of  fissure  veins.  Veins  are  rare  in  northern  Michipicoten,  but  they  are  of  ooaunci 
occurrence  in  the  western  area.     Just  at  Otter  Head  there  is  an  interesting  vein  of 


Big  quartz 


I,  Lake  Superior  shore, 


brthoclaae  and  calcite,  parallel  with  the  structure  of  the  gneiss  in  which  it  is  enclosed, 
and  with  a  width  of  from  eight  inchee  to  one  foot.  Several  prominent  quarts  veins 
outcrop  on  the  point  between  the  moUth  of  the  Imogen  river  and  the  Fucaswa  river 
in  a  soft  felsite  schist.  One  vein  containing  both  pyrites  and  chalcopyrite,  is  about 
3  feet  6  inches  wide  at  its  widest  part  near  the  lake  shore,  from  which  it  narrows 
i.1  either  direction.  To  the  north  about  seventy-five  feet  another  vein  appears,  and 
this  may  be  the  same  as  the  one  just  described  from  which  it  has  been  faulted,  the 
plane  of  the  fault  being  occupied  by  a  diabase  dike.  A  short  distance  still  farther 
rj>rth  along  the  shore  another  vein  appears  prominently  both  above  and  below  the 

28  K. 
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water.  It  rises  as  a  ridge  two  or  three  feet  high  above  the  gravel  of  a  small  bay, 
and  four  or  five  feet  beyond  in  the  enclosing  schifits.  It  is  three  feet  wide  and  dips 
vortically,  lending  out  upward  in  the  schists.    Both  veins  are  apparently  quite  barren. 

Small  calcite  veins  arc  common  in  schists  along  the  walls  of  the  falls  near  th« 
irouth  of  the  Pucaswa  river.  From  the  Pucaswa  river  southeastward  along  the  shore 
FiUmerous  veins  show  up,  in  some  of  which  a  little  prospecting  work  has  been  done, 
but  nothing  of  commercial  value  obtained.  A  small  calcite  and  quartz  vein  about 
one  mile  from  the  mouth  of  the  Pucaswa  river  was  found  to  carry  gold  to  the  value 
of  $4.40  to  the  ton,  and  copper  to  the  extent  of  3.85  per  cent.  A  specimen  froia 
another  vein  of  quartz  near  a  small  shack  on  the  lake  shore  about  five  and  a  half 
miles  southeast  of  the  mouth  of  the  Pucaswa  river  on  analysis  gave  traces  of  gold. 

A  somewhat  remarkable  mass  of  quartz  occurs  near  the  mouth  of  the  Eagle  river, 
vhich  I  believe  was  originally  staked  as  an  iron  location.  Its  width  is  about  forty 
feet  and  its  length  is  traceable  for  about  a  hundred  and  twenty-five  feet,  disappear- 
ing in  cither  direction  beneath  the  drift.  In  character  it  is  often  stained  rusty  or 
red  by  iron  oxides,  again  it  appears  kaolinic  or  jasperoid,  at  other  times  it  resembles 
greenish  chert.  It  seems  to  cut  the  enclosing  green  schists,  but  these  are  much  con- 
torted and  this  relation  could  not  be  definitely  ascertained.  Stringers  of  calcite 
traverse  the  quartz  mass  in  one  place  at  least.     Sometimes  the  mass  appears  brecciatcd 

A  deposit  of  molybdenite  is  found  in  a  coarse-grained  quartzose  pegmatite  on  the 
shores  of  Molybdenite  lake  on  the  route  between  Michipicoten  Harbor  and  the  Frances 
mine.  I  was  unable  to  visit  the  locality  during  the  past  summer,  but  I  understand 
that  the  deposit  is  not  of  commercial  importance,  as  proven  by  some  exploration  wor^ 
done  on  the  property  some  years  ago. 


THE    POST-HURONIAN    BASIC    ERUPTIVES 

In  northern  Michipicoten  the  post-Huronian  basic  igneous  rocks  are  apparently 
never  effusive,  but  eruptive.  They  have  a  wide  though  limited  distribution  throughout 
the  entire  area,  and  being  the  youngest  .rockis  in  the  district,  they  cut  all  the  lower 
tormations,  including  the  post-Huronian  acid  eruptives.  They  occur  as  numeroos 
narrow  dikes  cutting  the  sediments  and  enclosing  rocks,  as  elongated  bosses  include! 
M'ithin  the  schists,  conglomerate  and  granites,  and  as  narrow  sheets,  generally  off- 
shoots from  the  wider  bosses,  especially  apparent  when  occurring  within  the  Helen  iron 
formation.  Sometimes  the  dikes  are  of  economic  value,  along  the  iron  ranges,  by 
creating  dams  against  which  iron  ores  may  be  deposited  by  iron-bearing  solutions 
passing  down  troughs  leading  to  the  dikes.  The  sheets  on  the  other  hand  are  usually 
detrimental  by  retarding  the  lateral  flow  of  iron-bearing  solutions,  and  by  giving  a 
smaller  area  from  which  ferruginous  material  can  be  drawn. 

The  most  important  bosses  are  those  intrusive  in  the  schLsts  and  granites  nort'i 
of  and  southeast  of  Paint  lake,  that  on^  occurring  south  of  lake  Michi-Biju  and  ex- 
tending east  to  Katzenbach  lake,  and  that  one  cutting  the  schists  and  Helen 
formation  near  David's  lakes.  The  sheets  are  most  evident  at  Brotherton  hill,  and 
filong  tho  MacDougall  promontory  at  Iron  lake,  where  their  occurrence  within  tha 
i.oii     formation    has    already    been  briefly   mentioned.  The    narrow    dikes    are  seen 

miinnonly  ovorywluTo.  aiul  are  especially  evident  along  the  Lake  Superior  shore. 

Petrography  of  the  Basic  Eruptives 

All  the  post-Huronian  basic  rocks  are  of  the  gabbro  family  and  consist  essentially 
of  a  light  colored  pyroxene,   probably  diopside,  of  a  basic  plagiodase  (maximum  ex 
imction  ^  32^  on  010)  and  of  more  or  less  magnetite  or  ilmenite.    With  these  primary 
minerals   are  usually   associated   a   variety   of  secondary   minerals.         The  pyroxene  is 
frequently  replaced   by    the    paramorphic  amphibolo,    uralite,    and   less    commonly   by 
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biotite.     Chlorite  is  the  principal  final  product  of  alteration.     The  plagioclase  alters 
to  mixtures  of  epidote,  quartz,  muscovite  and  carbonate.    Olivine,  though  rarely  seen, 
is  in  some  few  places  quite  common,  and  serpentine  often  indicates  it&  former  pres- 
ence.    Most  of  the    bosses    and    wider    dikes    away    from    the   influence  of  the  iron 
formation    show    fairly    fresh,    very   little   strained   rocks,    but   the   sheets   and   dikes 
connected  with  the  Helen   formation  are  always  extremely  changed   and  consist  of  a 
structureless   mass  of  chlorite,    epidote,    decomposed   felspars,   quartz,    leucoxene,   and 
carbonate.  These  metamorphosed  rocks  are  often  with  difficulty  recognized  as  of  igneoous 
origin.     The  extreme  phase  is  seen  in  the  chloritic  sideritic  schists  which  intercalate 
with  the  iron  formation  at  Iron  lake  and  elsewhere,  and  many  of  which  were  at  first 
sight  considered  as  sedimentary  rocks. 

From  a  textural  standpoint  the  basic  eruptives  show  several  facies.  The  most 
common  of  these  are  the  coarse-grained  granitoid  phase,  and  the  finer  grained  som«)- 
times  aphanitic  ophitic  phase.     Lamprophyric  rocks  are  rare. 

The  granitoid  type  is  represented  by  the  true  gabbros  or  dolerites.     These,  often 
coarsely  crystalline,  are  the  prevailing  rocks  in  the  larger  bosses  and  show  no  especially 
remarkable  features.       Frequently  they  are   altered  to  epidiorites,   and  their  margins 
are  often  strongly  magnetic. 

The  ophitic  type  is  shown  in  the  diabases,  which  sometimes  occur  as  a  textural 
differentiation  on  the  edge  of  the  larger  gabbro  bosses,  and  also  in  many  of  the  smaller 
bosses,  in  all  the  smaller  dikes,  and  in  most  of  the  intrusive  sheets,  though  as  has  been 
said,  the  original  character  of  all  dikes  and  sheets  occurring  within  the  iron  formation 
baa  been  lost 
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Brant  county,  natural  gas  in   106 

Brant  county  oil  field  90 

Brantford,  gas  wells  in  io6J  107 

Log   of  wells    107 

Brant  Lake  305 

Brick,    common,    production    of 16 

Statistics  of  1,  3 

Brick  Manufacturing  and  Suppiy  Co.  24 
Brick,    paving,  production  of   ..* !     16 

Statistics  of  1.  .3 

Brick  piers,  tests  of i"! 

Brick,   pressed,   production  of  16 

Statistics  of  1,  3 

Briti.^h  America  Mining  Co. 19 

British  America  Oil  Co 116 

British  American  Development  Co....    24 

British   American  Pyrites  Co 79 

British   Columbia,    mineral    products 

of    2 

Brotherton   Hill   315,  339 

Iron  formation  of  '.  329 

Brown,  John   164 

Bruce  copper  mines   11 

Brumell,  H.  P.  H 89,  111 

Buckeye  Portland  Cement  Co 173 

Buck  Deer  rapids   isis,  206 

Area    205 

Buell,  Elbert  L 139 

Buffalo  and  Leamington  Oil  and  Gas 

Co 24,  116 

Building  materials,  production  of  ...     15 

In  Abitibi  region  207 

Statistics  of  1,  3 

Bully  Boy  gold  mine  45 


Burns,  J.  E 64 

Burrows,  A.  O.,  Report  of,  on  Pro- 

Tinciftl  As8*y  office   31-33 

Anklyges  by 183 

Bytownite   210 

C«lcit«  210,  264,  304,  347,  353 

C&lcium  c&rbide,  production  of  ...  18,  87 


StatieticB  of 

Tkble  showing  prodaction  of   1900- 


1904  . 

Calcium,  carbonate  of 120,  123,  304 

Caldwell,  T.  B 31 

Caledon  Townsbip,  marl  deposits  in,  160 
Calvert  township  197,  204 

Description  of  ., 228 

Cambrian   formation  96,  277 

Cambro-Silurian  rocks 96 

Cameron  Island  gold  mine  47 

Cameron  lake  286,  292,  316 

Iron  formation  north  ot  336 

Camp    Bay    Gold   Mining  Co 425 

Campbell,   C.   M 40 

Campbell's    Island   copper    location...     64 

Canada   Corundum   Co 19 

Canada  corundum  mine  74 

Canada  Iron  Furnace  Co 12,  14.  77 

Canadian   Cement   Brick    Co 24 

Canadian   Coal   iinii  Oif  Dock  Co.  ...     13 
Canadian  Copper  Co 6,  9.  69-71 

Derelopmeiit  of  electrical  power  by     10 

Canadian  Corundum   Wheel  Co 24 

Canadian  Iron  Co 24 

Canadian  Lead  Co 24 

Canadian     Michigan     Gold     Mines, 

Ltd 24 

Canadian   Mining   Institute,  Journal 

of   89,   92,  280 

Canadian  Portland  Cement  Co 136 

Canadian  Salt  Co 20 

Canadian   Society  of  Civil  Engineers  168 

Canadian  standard  of  cement   168 

CanboroTigh  township    natural  gas  in     91 

Log  of  wtUa  of  lOS 

Canoe   routes  of   Michipicotcn  area...  289 
Carbide    of   calcium.        .S<e    Calcium 

carbide. 

Carbonate  302,  308 

Caribou   242,    253,    297 

Carlsbad   twins   303 

Carter,  W,  E.  H.,  Inspector  of 
Mines — Report  by  on  Mines  ol 
Western   Ontario    43-75 

Report  re  accident  at  Shakespeare 

gold  mine  26-29 

Catfish  creek  286 

Catfish  lake  286 

Gawes,  Frank,  on  concrete  re-inforce- 

ment    180 

Cayea  lake  248 

Cedar  189,  199,  216,  249.  295 

Cement,  table  showing  prodtiction  of 

1891-1904  18 

Natural,  production  of  17 

Statiatio  of  1.  3 

Portland,  production  of  17 

Statistics  of  I,  3 


Page. 

Cement  Industry  of  Ontario,  Report 

on  by  P.  Gillespie  118-183 

Appliances    used    in    cement    mak- 
ing    126-132 

Alborg  kiln  129 

Ball  mill  130 

Batchelor    kiln   126 

Dietsch  kiln    129 

Gates  crushers    132 

Griffin  mill  129 

Harris  pneumatic  system  132 

International   kilns    126 

Mosser  tower  cooler  132 

Rotary  kiln  130 

Sturtevant    emery   stones   131 

Tube   mills  Iffi 

Wash  mills  126 

Cement  plant,  cost  of  126 

Cement    plant 133-162 

Belleville  Portland  Cement  Co....  133 
Canadian  Portland  Cement  Co.,..  136 
Colon  al  Portland  Cenipnt  Co.  ...  139 
Grey  and  Bruce  Portland  Cement 

Co 141 

Hanover  Portland  Cement  Co.  ...  142 
Imperial  Portland  Cement  Co.  ...  144 
'■    '  '    Portland   Cement 


Co. 


.  146 


IiakeSeld  Portland  Cement  Co.  .. 
National  Portland  Cement  Co....  149 
OiitBiio  Portland  Cement  Co.  ...  154 
Owen    Sound    Portland    Cement 

Co 154 

Raven     Lake     Portland    Cement 

Co 167 

Sun  Portland  Cement  Co 169 

Superior  Portland  Cement  Co.  ...  160 
Western    Ontariti    Portland    Ce- 
ment Co 162 

Clays,  analysis  of  183 

Concrete,  specifications  for 180 

Ingredients  of  Cement  ....  118-126 

Chemical  composition    of   cement  124 

Clavs  123 

Marl  119 

Limest«ne,  analysis  of  183 

Marl,   analysis  of  183 

Natural  cement  162 

Battle  Estate  164 

Queenston  cement  works 163 

Schwendiman,   F 166 

Toronto  Lime  Co 165 

Testing  of  Cements   166-169 

American   standard 169 

Canadian    standard   168 

Constancy  of  volume 167 

Fineness  of  grinding 166 

Settinit  168 

Specific  gravity  166 

Tensile    strength     167 

Tests   of   Ontario   cement    182 

Hot  test    182 

Sieve  test 182 

Tensile   strength  182.   ISH 

Uses  of  Cement  170-180 

Conrri-te   and   Steel   174 

For  impervious  mortar  173 

For   making  concrete   173 
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Cement  Industry  of  Ontario — Con 

For  making  mortar  170 

Lime   vs.  cement  170 

Re-in  forced  concrete  beams  176 

Re-inforcement,  systems  of   176 

Sand  for  mortar  171 

Use  of  lime  paste  172 

Uses  of   concrete  174 

Cement  Stone  and   Building   Co.    ...     24 
^alcedony  302,  304 

Cha  copyrite  6,  65,  337,  363 

Chalk  lake,  marl  deposit  at  122 

Chambers-Ferland  silver  mine  6 

Charlotte    lake    314 

Iron  formation    north   of    326 

Chemical  analysis  of  soils.  Abitibi  re^ 

r^P^    243 

^^^^''•: 268,   260,    276 

In  Dore  conglomerate  341 

Iron-bearing  308,  319,  326 

...Metamorphosed  ferruginous  309 

Cherty  lake  *  04fi 

t/hin  river   249 

Chisholm,  A.  M.  feldspar  mine  ......     83 

^}?^o"te  210,  302,  306,  306,  347,  366 

uno3rye    cape    279 

Citizens  Natural  Gas  Co.  ..*.*  91,"  I05!  106 
Civil  Engineers,  Canadian  Society  of  168 

Clarksburg  volcanics 270 

Clay    *"•;*;     27 

Analyses  of  i23,  133 

As  ingredient   in   cement   123 

In  Abitibi  region  907 

Clay  Belt-  ^^ 

Analyses  of  soil  of  243-247 

Fauna  of  242 

Flora  of  241    242 

Rainfall  in   *  240 

Summer  in  240 

Temperature     of,     compared     with 

Guelph    239 

See  also  Abitibi. 

Clay  soil,  in  Abitibi  basin  199,  203 

In  McCann   township   ]  249 

Clear  lake,  marl  deposits  in 122 

Clearwater  lake  287,  291     293 

Cleveland  Mining  Co \ '     75 

Climate,  of  Abitibi  region  207.  2t\G 

Of  Michipicoten  area   297 

N.  W.  of  lake  Abitibi  [  253 

Clinton  formation  98 

Cobalt,  production  of  8,  9 

Determination  of  at  Assay  office  ...     33 

Statistics  of  * 1    3 

Cobalt  Hill  silver  mine  *   5 

Cobalt  mines.    See  silvor-cobalt-nickel 
mines. 

Cobalt,  town  of  5 

Cockshutt  gas  well,  Brantford  106 

Coe  copper  mine   80 

Coleman,  Prof.   A.  P 279,  280 i  300 

Coleman  township   2,  4,  6-9 

Colonial  Portland  Cement  Co.  ...   18,  139 

Comber,   oil  wells   at   116 

Combined  gold  mine 48 

Comego,  S 184 

Concrete    173 

Concrete-steel  173 


Pace. 

Re-inforoed  oonorete  beams  175 

Re-inforcement,  systema  of   176 

Specifications  for,  of  Am.  Railway 

Engineering  Aasociation 180 

Uses  of 174 

Condensed  Peat  Fuel  Co 24 

Conglomerate  266,  266,  262,  267 

In  original  Huronian  area 274,  275 

Ogishke  271 

iSfee  also  Dore  conglomerate. 
Conmee  township,  iron  formation  in  273 
Consid^re,    M.,   on    re-inforced    con- 
crete    175 

Consolidated  Cariboo  Hydraulic  Min- 
ing   Co 8 

Cook  Land  Co 4 

Copper,  production  of  9-11,  44 

Determination  of  at  Assay  o£Soe  ...    33 

Near  Pucaswa  river  864 

Statistics  of  1,  3 

Table  showing  production  of  1900- 

1904    11 

Copper   Cliff  nickel-copper   mine    ...6,  70 

Accidents   at  25 

Copper  mines. 

Canadian  Copper  Co's  mines. 

Copper   CliiBT  6,   10,   70 

Creighton  6,  10.  41,  69 

Krean  Hill   prospect   71 

No.  2  10 

Vermilion    6.    71 

Coe    80 

Eagle    62 

Evans  No.  2   72 

Hermina    11,    61 

Massey    H.   41,  60 

North  Star  10,  34,  72 

Superior    41,   62 

Tip-top    11 

Victoria    5,    10,  71 

Whiskey    Lake    area    62-67 

Campbell's  Island    location    64 

Long  Tom  location   67 

Montague  or  Y  362  location  67 

Peyton  location  66 

Reynolds,  or  W  R  92  location  ...     67 
Wilcox   80 

Copper  pvrites  64,  80 

Corkill,  E.  T.,  Report  by  on  Mines  of 

Eastern    Ontario    76-87 

Corless,    C.   V 72 

Corner    lake    67 

Corniferous  formation  99 

Corundum,  production  of  18 

Statistics  of  1,  8 

Table    showing    production,    1900- 

1904 ". 19 

Corundum  mines   74 

Canada  Corundum  Co. 74 

Minine  Class  at  40 

Corundum  Refiners,  Ltd 19 

Ontario  Corundum  Co 76 

Coste,  Eugene,  on  Essex  oil  field  ...  116 

On  origin  of  oil  and  gas 92,  96 

On  Welland  eas  wells  104 

Conchiching  falls   186 

Volume  of   309 

Water  power  at  208 


Page. 

CoachiehiDB  soiiiBta   272.  276 

Cowliaiii,  W.  F 1J6,  149 

Crull«  Cr«e1c 294 

Craig  corundum  mine.     See  Canadft 
Comndam  Co. 

Craig  gold  mine  4,  76 

Craig  Hilling  Co —    — 


Cri    ^ 
Crayfish  lake 

CrajSsb  river  

Creaaor,  A.  1> 

Creighton  nickel-copper 


40 


iiifi  6,  10, 


.  141 


Accident!  at  35^  26 

Mining  classes  at  41 

Crowland  townahip,  natural  gas  in!  91 

Log  or  gag  well  1q4 

CuminiDga  aystem  of  coocrete  re-in- 

forcement    jyg 

Dale,  F.   M 50 

Damascus  Gold  Mining  Co                  '  47 

Davids  lakes  "  me 

Daris,  Prof.  C.   A iJg 

Baffii  township,  oil  well  in   114 

Dawson,  Dr.  G,  M 269 

Deception   lake  '  259 

Deep  Oil  and  Qas  Co 24 

^'  V-;:; 242,  251,  297 

X>eitscb   kiln    129 

Deloro  gold  mine  ..'.,.  4  22 

Do   Marr   system    of    concrete    re-in-' 

forcemenc     ion 

Denifi,  T  D :;;::;;::: gro 

DeniMn   falls.   Dog   river    299 

Dennison  University  Bulletin  ......  280 

Desolation  lake  344 

Detroit  and  Dominion  Oil  Co.  ...'.'.'.'..'.  116 

Detroit   and   Leamington   Oil   Co     .  116 

Detroit  and  Parry  Sound  Mining  Co,  25 

Devonian  rocks  96 

Diabase  210,  256,  265,  318r332'  356 

Diabase  Hill   332 

Diamond  drills,   work   with 29 

In  Loon  lake  district 259 

Summary   of  operations   with   30 

Dingier,   Andrew,  accident  to   26 

Dwnte  64,  198,  211,  319 

Dionte  porphyrites 211 

Disley,   Joseph,   accident  to 26 

Dobeon   process  of  peat  fuel  making  22 

Dog  river  282,  286 

Canoe   routes   by   290 

Iron  ore  deposits  west  of  322 

"Water   poft-er   on    299 

Dokis   river    200,  235 

Dolent*   249,   532,  355 

Dolomite   270,  304 

Domintck  Oaudense,  accident  to  .....'.  25 

Dominion  Cement  Brick  Co 24 

Domininn  Tmprovemont  and  Develop- 
ment Co 86 

Dominion  Mineral  Co 2 

Dominion  Natural  Oaa  Co  24,  91.  105.  106 

Dor^   conglomerate    318 

Petrography  of  340 

Dor4  formation   300,   313.  .340 

Distribution  of  .343^6 


Page. 

Dord   lake    286 

Dor^  river    282,   286 

Dorion  Lead  and  Zinc  Co 24 

Dover  township,  oil  well  in  110 

Drainage,    effects   of    imperfect    203 

Drain  tile.    Ste  Tile,  drain. 

Drills,  diamond.    Ste  diamond  drills. 

Drowned,   rapid   of  the   290 

Dryden  township   ....; 10 

Dry  lake  137 

Duck   263 

Dunnville,  natural  gas  in  106 

Dutton  oil  field  90 

Log  of  oil  and  gss  wells 108 

Dysinger,  Chas,  M 69 


Eagle  lake       3 

Eagle  lake   gold  region    34 

Bagle  river   282.  286 

Earle,  Ellis  P 5 

Eastern  Ontario,  Report  on  mines  of, 

by   E.   T.   Corkiil   76-87 

Bast  Toronto    Brick  Co 24 

Eccles  Lake   iron   claims   316.  332 

f^cho  lake  274 

Edey  iron  claims   316,   337,  339 

Ediaon,   Thomas  A 10 

Edwards  township  203 

Descriplion    of'   232 

Ekinu  (or  Eagle)  lake  286,  292 

Eldorado    gold   mine    49 

Eldorado  Mining  Co 4,  25.  49 

Eleanor  slates  300 

Electrical  power,  development  of,  10,  45 
Kleinfield  Oil  and    Oas  Development 


Co. 


.   108 


Elliott.  R.  J 64 

Rlliotfs  falls  167 

Ells,  Dr.  R.  W 121 

Elmo  creek    292.  315 

Elmo  lake  293,  315 

Iron  forrbation  at  330 

Elmore  oil  concentrating  process  11,  44 
Elmsley   township,    marl  deposits   in  121 

Elv    greenstone    272,   277 

Emerald    lake    316 

Marl  deposit  at  122 

Empire  Salt  Co 24 

EjiKineering    MagSEine    176 

Enclish    Portland   Cement    Co 136 

Epidiorites  356 

Epidote   302,   305.  309.   347 

Ermine  242 

Esnagami   lake   286 

"  County,     geological      featui 


of   . 


.  116 


Natural  gas  in  „ 

Legs  of  wells  114 

Oil  field  90,  114 

Logs  of  wells  114 

Euphemia  township  oil  field  90,  114 

Evans   creek    286,    .315 

Evans  creek  iron   area   327 

Evans,   H.  W 279 

Evans,  J.  W 72 

Evans  nickel-«opper  mine 72 
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Explorations   in   Abitibi,    Report  on 

by  Jame3  G.   McMillan  184-212 

Resources  of  the  Region   206 

Building    material    207 

Muskegs  or   Peat  bogs   209 

Soil    206 

Timber  207 

Water    powers    208 

PotroRrapny    209 

Diabases    210 

Diorites   211 

Gabbros    210 

Granites    and    Gneisses    212 

Peridotites  and  picritos  211 

Porphyrites   211 

Schists    211 

The  Region  in  Detail  187 

Abitibi  basin  199 

Basin  of   the  Mattagami    194 

Buck  Deer  rapids  area  206 

Dokis    river 200 

Effects  of  Imperfect  drainage  ...  203 

Good  Clay  soil 199 

Good  spruce  and  birch   198 

Greenstone  ridcjes  201 

Mattagami  valley  188 

Muskeg  area 191 

Patten's  first  base  to  his  Correc- 
tion line   193 

Rock  GutcroppinKs  .....  192,  204,  205 
Rocks  on  the  Frederick  House...  198 
Speights    Meridian   to    Mattaga- 

mi   river    187 

Spruce  forest  192 

Teofv.   Calvert  and  Aurora    204 

Tributaries  of    the    A])itibi    202 

Wark  township  100 

Topographv   ISo 

Abitibi   river   18o 

Frederick    Houso   river    180 

Lakes  and  ridges  187 

Mattagami    river    186 


Fairbank  <fe  Co's  oil   well    

Falcon  i.^^land  

Fall  crock 282.    285. 

Iron    formation    near    

Farnum.  H.  C 

Fauna   of   Abitibi    region    

Of  Micliipicoten   area   

Of  N.  W.  of  lake  Abitibi   

Feldspar  210,  211,  255. 

Production  of   19. 

Statistics  of  1 

Feldspar  mines  

Chisholm,  A.    M 

Jenkins,  C 

]\fills  &  Cunningham   

R  ichardson   

Felsite   206,  266.  276,  301,  304, 

Ferland.  S.  

Ferrous    oxide     

Fi.«5h  of  Abitibi  region  

Of  Michipicoten  area   

Of  N.  W.  of  Lake  Abitibi  

Fisher    

Fishhook    lake    

Fleck.  A.  W 


110 
273 
316 
337 

94*7 

297 

253 

347 

81 

,  3 

81 

83 

82 

83 

81 

346 

40 

120 

242 

297 

253 

242 

293 

23 


P*Re. 

Floating  Heart  lake   285 

Floating  Heart  river...  282,  285,  292,  316 

Flora,  of  Clay  Belt  240,  242 

Of  N.  W.  of  Lake  Abitibi  253 

Foley,  J.  C 58 

Forest  fires  193,  203,  296 

Forests  of  Michipicoten  area  295 

Fort    Matachewan    240 

Fort  Mattagami   340 

Fowler,  Joseph  47 

Frances  Hill   315 

Frances  iron  mine  315,  328,  339 

Analyses  of  ore  of   329 

Canoe   routes   to  289 

Frederick  House  basin   195-198 

Frederick  House  lake  1B7 

Frederick   House   river  186 

Rocks  in   198,  211 

Water  powers  on   208,  224 

Freeman    mica   mine    85 

Frontenac  lead  mine   79 

Fruitland  Brick  and   Supply  Go.    ...    24 


Gabbro  210,  336,  a54 

Galena  64 

Game,   of    Michipicoten    area    297 

Gamm,  H.  E 39 

Garafraxa  township,  marl  deposits  in  160 

Garden  river  274 

Garnet  310 

Gas,  natural.    See  natural  gas. 

Gates  crushers   132 

General  Electric  Co 20 

Lacey  mica  mine  84 

Mica  trimming  works  of  86 

Prospecting   by    84.  85 

Genesis  of  Helen  iron-bearing  rocks..  311 

Genossee   slates   99 

Geologic  history  of  Michipicoten  area  300 
Geological     formations.     Report     of 
Committee  on  Nomenclature  of  269-277 

Geological  scale  of  Ontario   96 

(Geological    Series   in   Lake    Superior 

District    270 

In   Huronian    area    274 

In  Lake  of  the  Woods  272 

In  Marquette  district  270 

In  Mesabi  district 271 

In  Ponokee-Gogebic  district  271 

In  Rainy  Lake  district  272 

In   Thunder   Bay  district  273 

In  Vermilion  district  271 

Geological   Survev  of  Canada  ...   89,  269 
Reports  of  respecting  Michipicoten 

Huronian   area  280 

Geological  Survey  of  United  States...  269 
Gillosnie   P.,    Report  of,   on  Cement 

Industry  of  Ontario  118-183 

Glacial   action   185,   187,  288,  3^ 

Globe  Refining  Works 22 

Gneiss  64,  204,  206,  212,  3!Q 

Goderich  Cement  Brick  Co 24 

Godon   lake 293,  315 

Iron   ore^  deposits   at  331 

Analysis  or   831 

Gold  Coin  gold  mine   51 

Gold  Coin   Mining  Co 51 


1905 


Index 
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Golden  Horn  gold  mine  4,  34,  47 

Gold. 

Determination    of    at   Assay    office    33 

Near  Pucaswa   river    354 

Production  of  3,  4,  43 

Statistics  of  1,  3 

Table     showing     production     1900- 

1904    4 

Gold  Mines  of  Eastern  Ontario  ...  76,  77 

Belmont   4,  76 

Craig  4,  76 

Deloro    4 

Pearce  location  76 

Star  of  the  East  4,   76 

Gold  Mines  of  Western  Ontario  ...  45-59 

A  L  200  57 

Arsenic    I>ake     73 

Avon  58 

Baden-Powell   48 

Big  Master  54 

Black   Eagle    34 

Bully   Boy    45 

Cameron  Island  47 

Combined   ^ 48 

KIdorado  49 

Giant    •   53 

Gold   Coin    51 

Golden   Horn   4,  34,  47 

Grace  49 

Ideal 51 

King   Edward   location    51 

Laurentian   4,  42,  52 

Little    Master    53 

Lucinda   59 

Olympia   34 

Paymaster    54 

Pioneer  Island   48 

Queen  Alexandra  51 

Redeemer   49 

Shakespeare    57 

St.    Anthony   Reef    3.    54 

Sultana  ....'. 3,  34,  47 

Sunbeam   3.  41,  56 

Twentieth  Century    51 

Volcanic  Reef  4,  42.  53 

Goodreau    lake    294 

Goodwin,  W.  L.,  Report  by,  on  Sum- 
mer mining  classes   37-42 

Goodrich   quartzite  270 

Goold,  E.  L. 154 

Goosefeather    river    292 

Grotham  township,  iron  formation  in  273 

Grorman  &  Co 5 

Grould,  Shapley  <fe  Muir  Co.,  gas  well  107 

Growan  lake  246 

Gowan  township  191 

Description    of    220 

Grace  gold  mine   49 

Grand  Valley  Peat  Products,  Ltd.  ...     24 
Granite,  64,  197,  204,  206,  212.  249, 

256,    262,    268,    270,    324,    344,    346. 
Contact  of   with   Keewatin   forma- 
tion      273 

In    Dore   conglomerate    341 

Grand  Portage  293 

Grant,  Peter,  accident  to  26 

Graphite,  production  of  22.  86 

StaFistica  of  1,  3 
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Grave  lake  246 

Gravel,  for  concrete  180 

In  Abitibi  region  207 

Graywack^  265,  269,  271,  276 

Graywacke  slate  273 

Greenalite    268 

Greenstone,   192,  197,   198,  201,  204, 

206,  211,  266,  262  270 

Ely   272,  277 

Gros  Cap  300 

Schistose  301 

Green,  Walter  D 49 

Grey    and    Bruce    Portland    Cement 

Co 141 

Griffin  mill  129 

Gros  Cap  greenstone  300 

Griinerite 309,   327 

Guelph  formation,  oil  and  gas  in,  90,  98 
Guelph,  temperature  of,  as  compared 

with  Clay  Belt  239 

Gurd  gusher,  oil  well  90 

Gypsum,  production  of  22 

Statistics  of  1,  3 

Haileybury,  mining  classes  at  40 

Haldimand  natural  gas  field,  21,  90,  105 

'Hambly,  G.  H [     33 

Hamilton    and   Toronto    Sewer    Pipe 

Co ^. 24 

Hamilton  formation  99 

Hamilton  Steel  <fe  Iron  Co 12,  14 

Hammond,  Benjamin  54 

Hanlan  mica  mine  83,  85 

Hanover   Portland   Cement  Co.   142,   174 

Hanna,  M.  <fe  Co 12 

Harcourt,  Prof.,   analyses  of  Abitibi 

soils  by  244 

Hardinge,  H.  \V 60 

Harris  pneumatic  system  132 

Hawkesbury    West     township,     marl 

deposits  in   122 

Hayes,    C.    W 269 

Heart  lake    285,   292 

Iron-bearing    rocks   east  of    325 

Heart  mountain  282 

Hebe   falls    273 

Helen  iron  formation...  300,  301,  307-313 

Extent  of  313-317 

Helen  iron  mine  11,  34,  59 

Hematite    44 

In  Abitibi  region  211 

In  Helen  iron  formation  309,  310,  313 

In  Loon  lake  iron  district  258,  259 

Of  Iron  Lake  area   320 

On   Lake  Temiskaming   12 

Hemlock  lake,  marl  denosits  on  122 

Henderson,  Archibald,  Report  by  on 
Agricultural    Resources    of    Abitibi 

213-247 

Henderson  talc  mine 87 

Hennebique  system  of  concrete  re-in- 

forcement    .^ 178 

Hermina  copper  mine  11,  61 

Hickev  Oil  Co 116 

HiKbee,  N 49 

High    falls,    Spanish    river,   develop- 
ment of  oower  at  10,  68.  71 

Hills  of  Michipicoten  Huronian  area  281 
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Hixon,   H.  W 72 

HoUandia  lead  mine  16,  79 

Hornblende,  198,  204,  206,  210,  211, 

266 302 

Hornblende  schist S05,  309 

Hot  tost  for  cement 182 

Hudson  iron  formation  97 

Hungerford,  W.  A 76 

Hunt,    Dr.   T.    Sterry,    on   origin    of 

oil  and  gas  94 

Hunter,   J.  C 13 

Hunter,  R.  M 13 

Hointingdon  township,  marl  deposits 

in 122 

Huronian    area,   original    274 

Huronian  Company   34,   71 

Huronian  formation  209,  269 

As  defined  by  Committee  on  Nom- 
enclature     276 

Contact  of  with  acid  eruptive  346,  360 

Contact  of    with    Laurentian    210 

Michipicoten   Huronian  area   278 

Structural  break    in    276 

Lower  Huronian  254,  277 

Agglomerates    342 

Extent   of 276 

In  Boston  township  iron  range   ...  262 

In  Michipicoten  area  299 

Middle  Huronian  277 

Upper    Huronian    254,    277 

Dore  formation  of  340,  346 

Extent  of  .'. 276 

In  Michipicoten  area  299 

Hutton  iron  range  12,  278 

Hutton  township   10 

Hyatt  system  of  concrete  re-inforce- 
ment  176 

Ideal  gold  mine  51 

Illinois    iJniversity,     tests    of    re-in- 
forced  concrete  beams  at   176 

Ilmenite   302,  354 

Imperial  Portland  Cement  Co 144 

Imperial    Natural    Gas   Co 108 

Incorporations.    See  Mining  compan- 
ies incorporated. 

Indians    253,  297 

Ingall,  E.  D. 270 

Inorganic  origin  of  oil  and  gas,  theor- 
ies of  91 

Intermittent    kilns    126 

international  Asbestos  Co 87 

International  Peat   Co 24 

International  Portland  Cement  Co.  146 
Inter-state  Consolidated  Mineral  Co.  54 
Iron-bearing  district,  Loon  Lake  254-260 

Iron  carbonate   257 

Iron  creek  285 

Iron  lake  290 

Iron   lake   area    317,   a39 

Iron  lake  prospect  320,  321 

Analysis  of   ore  of   320 

Iron  locations  M.  R.  4-24,  boundaries 

and  descriptions  of  263-267 

Iron  mines. 

Atikokan  range  12 

Boston  range  13,  261-268 

Coe    80 
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Frances    §2S 

Hutton  range  12 

Ledyard  78 

Radnor   12,  77 

Temagami   range    12,   31,   78 

Williams  12,  44,  59 

Iron  mining  fund  14 

Iron  ore. 
Analyses  of  269,  320,  322,  327,  329. 

331,   334,   336,   336 1  338 

Explorations  for  at  Loon  lake  ...    44 
Concentration  of  in  Loon  lake  dis- 
trict     269 

Production  of    11-13 

Statistics  of    i,   3 

See  also  Hematite,  Magnetite,  etc.  ' 

Iron,  pig,  bounty  on   14 

Production    of    13-15 

Statistics  of  1,  3 

Table    showing     production     1900- 
1904    14 

Iron  pyrites,   production   of  19,   72 

In  Boston  iron  range  265 

In  Helen  iron   formation   311 

On  CampbelPs  Island  64 

Statistics  of  1,  3 

Iron  pyrites  mines  72,  78 

British  American  Pyrites  Co 78 

James  lake  73 

Jarman   78 

Steep  Rock  Lake  72 

Iron  range,  Boston  township,  Report 

on  by  Willet  G.  Miller   261-268 

Iron  Ranges  of  Michipicoten  West. 

Report  on  by  J.  M.  Bell  278-355 

Bibliography  of  the  region    280 

Canoe   routes    289 

Dog  river  to  lake  Michi-biju    ...  291 
Frances  lake  to  Lake  Kabenung  292 

Frances  mine  to  Dog  river   289 

Frances  mine  to  Iron  lake   290 

Lake  Kabenung  to  Magpie  river  292 
Lake  Michi-biju  to  Lake  Super- 
ior   292 

Lake  Superior  to  Frances  mine.  289 

Missanabie  to  Magpie  river  294 

The  Grand  Portage 293 

General  conditions  in  the  region...  295 

Forest    resources    295 

Game  and  fish 297 

Native  inhabitants   297 

Soil  and  climate   296 

Water  power  sites    299 

General   Stratigraphy  299 

Distribution  of  the  greenstone...  302 

Geologic    history 300 

Metamorphosed   schists   305 

Michipicoten  schists  300 

Other  types  of  the  schist   304 

Petrography   of   schistose   green- 
stone      302 

Real  sedimentary  rocks  304 

Schistose  greenstone  301 

Helen   formation    307 
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Genesis  of  iron-bea-ring  rocks 811 

Iron-bearing  cherts  308 
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Iron   Ranges  of  Michipicoten  West. 

Metamorphosed  ferruginous 

cherts    309 

Northern      band      of      northern 

range    313 

Petrography  of  the  phyllites  ...  310 
Southern  band  of  northern  range  315 
Structure  of  Helen  formation...  307 
Western  range  316 

Michipicoten  Huronian  area 278 

Post-Huronian  acid  eruptiyes  346 

Contact  with  older  rocks  350 

Distribution  of  347 

Petrography  of  346 

Post-Huronian  basic  eruptiyes  354 

"Petrography  of  354 

Physiography  of  the  area  281 

A  region  of  hills  and  valleys  ...  281 

Dog    river    285 

E£Fects  of  glacial  action  288 

Lakes   286 

Magpie  river  286 

Pucaswa  river  283 

Rivers    of    district    282 

Resume  338 

Special  areas  of  iron  formation  ...  317 

A  promising  prospect  321 

Brotherton  hill  329 

Dimensions    and    relationship  of 

bands    318 

East  of  Godon  lake  331 

East  of  Heart  lake  325 

East  of  Pyrrhotite  lake  332 

Eccles  lake   claims   332 

Evans  creek  area  327 

Frances  mine  and  neighborhood  328 

Iron  lake  317 

Katossin  claims  321 

Leach  lake  bands  330 

Magnetic  point  326 

Morse  mountain  325 

North  of  Narrow  Lake  and  lake 

Charlotte  326 

Ore  possibilities  324 

Ore  showings  320 

Paint  creek    and  Mt.    Raymond  323 

South  of  Kabenung  lake  329 

West  of  Dog  river  322 

Special  areas  of  Western  range  ...  333 

Bands  north  of  Julia  river 335 

David  Katossin's  claims    335 

Edey   claims    337 

Laird's  claim  334 

Lome  prospect  337 

Near   Fall   creek    337 

Near  mouth  of  Julia  river  333 

North  of  Lost  and  Cameron  lakes  336 
North  of  Maple  lake  336 

The  Upper  Huronian  340 

Distribution  of  Dor^  formation...  343 

Dor^  formation  340 

Petrography  of  agglomerate  ...  342 
Petrography  of  conglomerate   ...  340 

Petrography  of  slate  34«S 

Iron  silicate   258 

Ironwood    formation    271 
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Iroquois  falls  186 

Water  power  at  208,  230 

Irving,   E.   D 256 

Isaacson,  Isaac,  accident  to  25 

Isabella  lake  289 

Ishpeming  formation   270 

Island  Granite  Co 24 

Jackfish  lake  294 

Jack-pine  197,  202,  207,  295 

Jack-pine  plain  218 

Jackson,  E.  Y 139 

Jackson  oil  well 116 

James,  Joseph 87 

James  lake  iron  pyrites  mine  73 

Jarman  iron  pyrites  mine 78 

Jasper  255,  262,  308,  319 

Jaspilyte  262,  266,  309,  319,  321 

Jenkins.  Charles,  feldspar  mine  ...  19.  82 

Jimmy  Kash  lake 289 

Johnson,  Prof.  J.  B 175 

Journal  of  Geology  280 

Journal    of   Royal    Inst,    of   British 

Architects   180 

Julia  river  282,  284 

Iron   formation  near  mouth  of  ...  334 

Iron   formation   north  of   335 

Ores  of,  analysed  334,  335 

Kabenung  hills  282 

Kabenung  lake  286,   344 

Canoe  routes  to  292 

Iron  formation  south  of  329 

Kahn  system  of  concrete  re-inforce- 

ment 179 

Kamiskotaia  river 183 

Kamshogooka    lake   294 

Kaolin  210 

Kapinchigania  lake  293,  306 

Katossin  iron  claims   316,  321,  335 

Analvses  of  ore  of  322,  335 

Kay,  G.   F 240,  250 

Keewatin  formation  254,  277 

As  defined  by  Committee  on  Nom- 
enclature   rw 276 

In  Boston  township  iron  range  262,  265 
In  Lake  of  the  Woods  district  ...  273 

In  Penokee-Gogebic  district  271 

Kennedy,  M 144 

Kenogami  lake  248 

Kenora.     See  Rat  Portage. 

Kent  Bros 20 

Mica  mine  86 

Kent  county  oil  field  90,  109 

Log  of  wells  in   109,  110 

Kevi,  D.   G 40,   74 

Keweenawan  formation  254,  273,  276,  277 

East  of  Loon  lake  256 

In  Michipicoten  area  299 

Killown,  J.  M 148 

King  Edward  gold  location  51 

Kingston  Feldspar  Mining  Co.  ...  19,  81 

Kitchi  schist  270,  277 

Klugh,   A.    B 240 

Knechtel,  D 142 

Knife  lake  285 

Knife  slates  271,  276 
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Knobel  ft  Flaherty  264 

Knox  townsbip  201 

Analysis  of  soil  of  244 

Description    ol    233 

Totrnship  Bast  of,  doscription  of  ...  233 

KoDa  dolomite    270 

Krean  hill  uickeI-copp«r  prospect...     Tl 

Labradorit«  305 

Lacey  mica  mine  84 

Laccolithio   Bills   266 

Laclal'longt,      289 

Lac  toisson  Gris  


Lafricaiu,   S.   240 

Laird  b  iron  claims  316,  334 

Analysts  of  ore  of  334 

Lake  of  the  Woods  district  '2ia 

GeologicBl  series  of  272,  27^ 

Lake  ol   the  Woods  gold  region   3 

Lakefield   Portland  Cement  Co 148 

Lake  Urion  Oil  and  Gas  Co 116 

Lake  Shore  Natural  Gas  Co 24 

Lake   Superior  Corporation   SU 

Lake    Superior    district,     geological 

series  of   270 

Lambton  county  oil  field  80,  111 

Logs  of  oil  wells  in  112 

Lands  Bold  and  leased     23 

Lang,  John  L 184 

LanRrill,  Dr.  A.  S 162 

Larch   sawfly   189 

Carosc  silver  mine 5 

Lash,   Miller   133 

Latour,    Eli,   accident   to   26 

Laurentian  formation. 
As    dotp  mined    by     Committee   on 

Komenclatiire  277 

CoiiUct  of  with  Hnronian  210 

Kmntive  contact  of  206 

In   Boston   township   iron  range  ...  2GS 

In   Michipicoten  area 299 

LauTentia 


Min 


B  at  .. 
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Lavant  township,  ninrl  deposits  in  ...   122 

Leach  lake   315 

Iron  ore  deposits  at  330.   339 

Ore  analyses  331 

Lead  minc<i 79 

Frontenac 79 

Hollandia    79 

Lead  orP    production  of  16 

Determination    of,    at   Assay    ofBce     33 

Statistics  of   _, 1,  3 

Li-ad.   pic   production  ot   15 

Statistics  of   1.  3 

LcaminRton  Oil  Co 25.  116 

LenminRton  oil  field  21.  90.  115 

Oil   and  Ras   wells   in    116 

lA)es  of  wplls  115.  116 

Leasps  of  mining  lamU  —     23 

Leckio.  flajor  H.  G 73 

LedVard.  iron  mine  ...     78 

I^eit-h.  C.  K 2-58,  269 

Lencoiene   210,  211.  .302,   3-V> 

Licpnwd   minine  companies.   1904   ...     25 
ispca,   list  of,   Michipicoten  min- 
!  division   35.  36 


As  ingredient  of  cement    124,  125,  1 

For  calcium  carbide 

Mortar  va.  cement  1 

Production   of    

Statistics  of  1, 

Lime   lake    1 

Lime  paste  1 

Limeatone   3 

Analysis  of  1 

CorniferouB  

Crystalline   9 

For  concrete  173,  1 

In  Hichipicoten  area  3 

In  original  Huronian  area  S 

Limonite  211,  308,  320,  332,  S 

Lind,  John  1 

Little  Bear  river  282,  2 

Little  Master  gold  mine   

Little  silver  mine  

Little  township  1 

Description  of   „ 2 

Logan,     Sir     W.,     on    Michipicot«n 


Lonely  lake 

Long,  H.  E 

Long   Sault   rapids   

Long  Tom  copper  location  . 


port  on  by  W.  N.  Smith  . 

A  Mesabi  extension  2 

Animikie  formation  2 

Animikio  iron-bearing  formation...  2 

Concentration  of  the  ore   2 

General  geology 3 

Greenstone  and  granite  2 

Kewoonawan  Or  Nipigon  sones  ...  3 

Schistose   graywack^    % 

Structure 2 

Loon  Lake  iron  range  12,  29. 

Lome  iron   prospect   316,  3 

Analyses  of  ore  3 

Lost  lake   285,   3 

Iron  formation  north  of  3 

Louahboroueh  Lake    mar    deposit  in  1! 

Lower  Helderberg  formation  

Lower     Hnronian     formation.       Hf.e 
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Lucinda  gold  mine  

Lucinda  Gold  Mining  Co.   . 
Lund    lake   


McCann  township  and  N.  W.  of  Lake 
Al>itibi,    Report    on    by    J.    K. 

Workinan        248-253 

McCann  township 248 

Rock  exposures  249 


Soil   . 


.  249 


Climate  

Rxplorinp:  under  difflculties  . 
Indian  occupation  


Fauna  253 

Fish  253 

Flora  253 

Soil  of  Base  line  region  253 

McCart  township  195 

Description    of    227 

McCharles,  A 10 

McConnell  graphite  mine  87 

McConnell,  Rinaldo  22,  86,  254 

McCool   lake   67 

McCuan,  D.  J 77 

McDougall,  W.  H 299 

HcFadden,  James  J 67 

HcOowan,  John,  M.P 133 

McKay    Ink..,   marl   deposits   on   122 

McKoiiiie,  B.  E 160 

McKinley-Darragh  silver  mine  5 

MoKiunon  tote   road   313,  ai") 

McLaughlin.  James    141 

McMillan,  James  G.,  Report  by  on 

Explorations  in  Abitibi  184-212 

McNab,  J.  W 133 

MoNab    lake   159 

McNab  township,  marl  deposits  in  ...   121 

McNaughton,  G.  W 84 

McPherson's  falls,  power  derelopment 

at  10,  68 

Macfarlane,  Thomas 4 

Mackeneie,  Mann  &  Co 13.  72 

MacLaren,  A.  F.,  M.P 146,  149 

Maomillan,  N.,  accident  to 26 

Madawaska    rtrer,    development    of 

power  On  87 

Madoc   Mining  Co 25 

Magnesia,  in  natural  cement  162 

MaKnosium,  carbonate  of  120 

Magnetic  Point,   iron  formation  at...  326 

AnaWsis  of  ore  of  327 

SlaEnotite  ICS.  SlO,  211,  262,  302,  306, 

309,  319,  338  354 

MaBpie  rivor   278,  282,  286 

Iron  formation  East  of   332 

Water  power  on  299 

MajEuire  lake  293 

Maitland.   J.   W 144 

Majinimungahing    lake    279 

Major  oil  aynditate  116 

Mandel.  Julius  176 

Manitoba  Peat  Co 23 

Manitoulin  Island    petroleum  on   ...    89 

Mann,  D.  D.  13 

Mann  township  197,  211 

Dpscription   of    224 

Second  township  north  of,  descrip- 

Township  north  of.  description  of...  226 

Maple  lake 36 

Iron   formation   north   of    336 

Ore     analyais  336 

Mareniscan  schist  271,  277 

MarcelliiB  ahales    99 

Marian  lake  294.  315 

Harl. 

Analyses  of  183 

As  ingiredient  of  cement 118 

Composition  of  120 

Deposits  of  121 

Not  always  organic  product  119 


On  Montreal  Riyer  210 

Value  of  122 

Marlbank  cfraeut  pUnt  137 

Marquette  district   269,   276 

Geological  jcrtes  of  270,  277 

Marquette  iron  range  278 

Marten  242 

Slassey   coppor   mine  11,  60 

Mining  classes  at  41 

Mattagami  river  186,   188.  219 

MatUgami  valley 188,  194 

Mattawin   iron   range  278 

Wayo   Mining   and   Development  Co. 
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Medina  formation 97 

Medina  Gold  Mining  Co 80 

Melan   system  of  concrete  reinforce- 
ment    178 

Mendeljeff,   M.,  on  origin  of  oil  and 


gas  .. 


.  278 


Menominee   iron   range   . 

Merritton  carbide  factorv  no 

Mersea  township  oil  field   -■■     90 

Oil  and  gas  irella  in  :...  116,   117 

Mcsabi  district         269,  276 

Geological   series   of   271,   277 

Mesnbi  iron  series  254,  258,  278 

Mesnard    quartzite    270 

Mot  amor  pliosi4i    schists    305 

Mica   . 
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Freeman    86 

General  Electric  Co 84 
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Kent  Bros 86 
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Mica   schist   1^ 
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Michigamme  slate  270 

Michittan,  Geol.  Survey  reports,  119,  120 

Michi    lako   287.  292 

ifichipicoten  bay   278 

Michipicoten  Division  Mining  agency, 

35  .  „36 

Michipicoten    Harbor   288 

Michipicoten  river  278    288 

Michipicoten   "West,  Iron  Ranges   of, 

Report  on  by  J.  M.  Bell  278-3o5 

Microcline   308.  312,   347 

Microperfhito  ^' 

Middle    Hiironian    formation.      See 

Huronian. 
Miller,   W.   G..  Provincial  Geologist, 
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Renort  by  on  Boston  township  Iron 

...  "^  Oft  noa 


Millet 


James    . 


368 


Bureau  of  Mines 


No.  5 


Page. 

Mills  and  Cunningham  feldspar  mine  83 

Mills  and  Cunningham,  mica  mill  ...  86 

Mineral  production,  summary  of,  1904  1 

Expansion  of,  1895-1904  2 

Table   showing    progress    of   1900- 

1904    3 

Mineral  Range  Iron   Co 77 

Miner's   licenses,   receipts  from    23 

Mines   Act  23 

Mines  of  Eastern  Ontario,  Report  on, 

by  E.   T.  Corkill   76-87 

Actinolite  and  Asbestos  87 

Calcium  carbide  87 

Copper  mines  80 

Feldspar  mines  81 

Graphite   86 

Gold  mines  76 

Craig    76 

Star  of  the  East  76 

Iron  mines  '  77 

Mineral  Range  Iron  Co 77 

Radnor    77 

Iron  pyrites  78 

American  Madoc  Mining  Co.   ...  78 

British  American  Pyrites  Co.   ...  79 

Lead  mines  79 

Hollandia  79 

Frontenac    79 

Mica  mines  83-86 

Baby  mine  86 

Freeman   mine    86 

General   Electric   Co 84 

Kent  Bros 86 

Mica  Trimming  Works  at  Ottawa  86 

Phosphate  of  Lime  86 

Talc    87 

Zinc  mines  79 

Mines    of    Western    Ontario,    Report 

on,  by  W.  E.  H.  Carter  43-76 

Copper  mines  60-67 

Campbell's  Island  64 

Eagle  62 

Hormina    61 

Massey  Station  60 

Peyton  location  66 

Reynolds   property    67 

Superior    62 

Whiskey   lake   area   62 

Corundum  74,  76 

Canada  Corundum   Co 74 

Ontario  Corundum   Co 76 

Gold  Mines  46-69 

A   L  200   67 

Avon  68 

Badon-Powoll   48 

Big  Master  64 

Bully    Boy   46 

Cameron    Island    47 

Combined  48 

Eldorado   49 

Giant    53 

Gold  Coin  61 

Golden  Horn   47 

Grace    49 

Ideal 61 

Laurentian   62 

Little    Master    63 

Lucinda    69 
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Paymaster    54 
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Molath,  John  62 
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Mond  Nickel  Co 9,  10.  34,  72 

Mondoux,  0 184 
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Mount  Raymond    282,    314 

Iron  ore  near  323 
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Ontario   Graphite  Co 22,   86 
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Ottawa  Carbide  Co 18.  87.  88 
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Co 24 
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164   172 

Pacific  Coal  and  Oil  Co 26 
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Canoe  route,  by  289 

Iron  ore  deposits  on  323 

Paint  lake  292,  314 

Bog  iron  ore  on 324 

PalceoBoic  rocks  96 

Palladium. 
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Process  of  extracting  7 

Statistics  of  1,  3 

Uses  of  ...»........••«•.••».. ' 

Palms    slate'  .*.'...'..* 271 
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Patten's  first  base   193 
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Peat   189,    194 
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Areas  of  in  Abitibi  region  ...  209,  217 

In  Gowan  township  191 
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Peat  bogs.     See  muskegs. 
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Statistics  of  1>  3 

Peckham,  S.  F.,  Theory  of  origin  of 
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Pegmatite  352,  364 
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Penekee-Gogebic    district    276 

Geological   series  of   271,   277 

Iron  district  258,  278 

Pentila,    M.,    accident  to   26 

Peridotites    211 

Perley,    G.    H 23 

Perry,    F.    M 62 

Perry's    bay    316 

Petrography. 
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Of  acid  oruptives  346 

Of  agglomerate  342 

Of   basic   eruptives   354 

Of   conglomerate    340 
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Log  of  oil  wells  in  11«^ 

Petroleum. 
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Prices  of  21 
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Statistics  of  •• 1'  3 

Petroleum   and  Natural  Gas,  Report 

on  by  E.  T.  Corkill  89-117 

Borings  for  Oil  and  Gas  99 

Brant  county  106 

Essex  county   114 

Haldimand  county    106 
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Lambton  county  Ill 
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Pelee   Island   117 

Welland  county 99 

Geological  Scale  of  Ontario  96 
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Rock  pressure  of  gas  94 

Primary   decomposition  theory...    96 
Theories  of   inorganic   origin    ...    91 

Theories  of  organic  origin  98 

Petroleum  fields  89 
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Phenocrvsts   303,  347 

Phlogopite    83 
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Phyllites  301,  307,  343,  344 

Petrography  of  310 

Pickerel   242,   251,   297 

Picrites    213 

Pig  iron. 
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Statistics  of  1,  3 
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Pig  lead,  production  of  15 

Statistics  of  1,  3 

Pike  242,  253,  297 

Pine,  red 200,  207,  296 

Pine,  white 223,  296 

Pioneer  Island  gold  mine  48 

Pioneer  Island  Mining  Co 48 

Pipe  river 282,  284 

Pipe,    sewer.     See   Sewer    pipe. 

Plagioclase    210,    211,    302,  365 

Platinum. 
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Production  of   6.  6 

Statistics    of    1,   3 

Pleistocene  formation  264 

Point    Pelee  Oil    and    Gas   Explora- 
tion  Co 34 
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Poplar,  189,  190,  196,  199,  203,  205, 

207,    215   296 
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Porcupine  lake  188 

Porcupine  river  221 
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Porphyry  189,  206,  801 
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Portland  Cement.     See  Cement. 
Post-Huronian   acid    eruptives...    346-354 
Post-Huronian  basic  eruptives...  364,  356 
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Statistics  of  1,  3 

Pre-Cambrian    formations   264.    262 

Pre-Cambrian  Nomenclature  269-277 

Introductory  note   by   C.    R.    Van 
Hise  269 

Report  of  Committee  269 
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tion of  223 
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tion of  235 
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Ore  analysis   332 
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Raleigh  township  oil  field  90 
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forcement    176 
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Romney  township  oil  field 90,  111 

Root  river  274 
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372 


Bureau  of  Mines 


No.  5 


Page. 

Sobonius,  J.  N 270 
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Soegmiller,  M.,  mining  agent  34 
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PREFACE  TO  THE  SECOND  EDITION. 

Owing  to  the  wide  interest  which  has  been  taken  in  the  Cobalt  mineral  deposits, 
not  only  in  Canada  but  throughout  North  America,  and  in  parts  of  Europe,  the  first 
edition  of  6,000  copies,  published  in  November  last,  is  now  nearly  exhausted.  Since 
it  is  necessary  to  issue  the  present  edition  at  an  earlier  date  than  was  expected  there 
has  been  little  opportunity  to  revise  either  the  text  or  the  accompanying  colored  geo- 
logical map.  The  first  edition  of  the  map  consisting  of  6,000  copies  was  published 
in  April,  1905,  in  time  for  the  prospectors  who  were  then  entering  the  field.  It  was 
thought  that  another  edition  might  not  be  required  until  the  heavily  wooded  and  moss- 
covered  surface  was  sufficiently  cleared  so  as  to  enable  the  geology  to  be  worked  out 
in  greater  detail  than  was  possible  during  our  examination  of  the  area  in  1904.  It  is 
evident,  however,  from  the  exhaustion  of  the  edition  that  the  map  has  served  most  of 
the  needs  of  prospectors.  As  the  number  of  men  in  the  field,  all  of  whom  will  need 
maps,  seems  likely  to  be  greatly  increased  during  1906,  it  has  been  thought  best  to  issue 
a  slightly  revised  edition  without  waiting  until  more  field  work  has  been  done. 

On  account  of  the  variety  and  relationship  of  the  rocks  outcropping  in  the  area  it 
is  not  possible  to  prepare  an  approximately  perfect  map  without  very  detailed  work. 
This  is  especially  true  of  the  localities  in  which  outcrops  of  Keewatin  and  Lower 
Huronian  are  associated.  The  latter  group  is  derived  largely  from  the  former,  and 
the  two  are  frequently  so  intimately  connected  that  a  very  large  scale  map  would  be 
needed  to  represent  them  accurately.  Frequently  exposures  of  Lower  Huronian,  only 
a  few  feet  in  diameter,  overlie  the  Keewatin.  On  the  other  hand  small  exposures  of  the 
Keewatin  project  through  the  Huronian.  Again,  the  slaty  members  of  the  Lower 
Huronian  resemble,  especially  when  they  have  been  metamorphosed  by  intrusion  of 
diabase,  the  more  characteristic  phases  of  the  Keewatin,  rendering  it  almost  impossible 
to  distinguish  certain  facies  of  the  one  from  the  other  in  the  field.  If,  however,  the 
prospector  reads  carefully  the  marginal  notes  on  the  geological  map  and  visits  the 
typical  outcrops  of  the  Keewatin  and  Lower  Huronian,  there  mentioned,  it  is  believed 
he  will  have  little  difficulty  in  most  cases  in  distinguishing  the  one  group  of  rocks  from 
the  other.  Prospecting  during  the  coming  season  will  be  carried  on  miles  outside  of  the 
boundaries  of  the  geological  map,  but  if  the  prospector  on  first  entering  the  field  visits 
and  studies  some  of  the  more  typical  outcrops  of  rocks  in  the  Cobalt  area  proper,  he 
will  be  able  to  recognize,  in  most  cases,  similar  rocks  which  cover  a  large  territory  in 
this  part  of  Ontario. 

Post-Middle  Huronian  basic  rocks,  of  the  composition  of  diabase,  of  at  least  two  and 
possibly  more  ages,  are  known  in  the  field.  It  is  desirable,  since  important  cobalt-silver 
veins  occur  at  two  or  three  points  in  the  diabase,  that  these  should  be  studied  more 
carefully  than  they  have  been  up  to  the  present  time. 

Origin  of  Ores 

The  writer  has  little  to  add  concerning  the  source  of  the  ores  to  what  was  said  in 
the  first  edition.  Whether  the  ore  minerals  were  carried  from  great  depths  by  the 
heated,  impure  waters  associated  with — following — the  diabase  eruption,  or  whether 
they  were  leached  from  the  Keewatin  greenstones,  is  a  problem  which  in  all  likelihood 
may  never  be  conclusively  solved.  As  stated  on  a  following  page,  analyses  of  specimens 
of  Keewatin  and  later  diabase  give  no  clue  as  to  the  source  of  the  metals.  Diabase  in  the 
surrounding  region,  as  for  example  in  the  township  of  Dymond,  ten  miles  north  of 
Cobalt  station,  and  in  the  township  of  Ingram,  thirty  miles  to  the  north,  has  been 
found  to  contain  cobalt  in  veinlets,  with  little  or  no  silver.     The  diabase  here  is  of 
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Haronian  age.  Hence  one  might  oonolade  that  the  lack  of  silrer  in  these  reinlets  wai 
dae  to  the  absence  of  the  Keewatin.  That  this  conclnsion  would  not  be  correct  is  mqh 
from  the  fact  that  the  Keewatin  in  the  vicinity  of  Troat  lake,  and  eastward  south  of 
Bay  lake  on  the  Montreal  riyer,  contains  at  a  number  of  points  considerable  cobah, 
but,  in  so  far  as  the  writer  knows,  little  or  no  silyer  is  here  associated  with  the  cobaH. 
Since  the  diabase  and  Keewatin  cobalt  deposits  so  far  discorered  outside  of  the  Cobalt 
area  proper  do  not  contain  silver  in  paying  quantities,  must  we  look  to  another  rock 
as  the  source  of  this  metal  P  The  Laurentian  granite  of  the  township  of  Lorrain,  out- 
crops of  which  are  not  known  much  nearer  than  two  miles  from  Cobalt  station,  would 
be  the  only  other  source.  It  scarcely  appears,  howerer,  that  this  granite  is  closely 
enough  associated  with  the  ore  bodies  to  be  the  source  of  the  silver.  Masses  of  granite 
may,  on  the  other  hand,  be  buried  beneath  the  Haronian  sediment  in  the  immediate 
vicinity  of  the  productive  silver  area  surrounding  Cobalt.  On  succeeding  pages  atten- 
tion is  drawn  to  three  old  and  now  practically  exhausted  mineral  areas  of  Europe,  the 
veins  in  all  three  of  which  resembled  very  closely  those  of  Cobalt,  Ont.,  especially  si 
regards  their  width,  all  being  very  narrow,  and  their  mineral  contents.  In  the  case  of 
one  of  these  localities,  at  least,  that  of  the  Chalanches,  it  has  been  sugegsted  by  an 
eminent  authority,  who  has  studied  the  veins,  that  the  cobalt  and  nickel  were  derived 
from  the  basic  rocks  and  that  the  silver  probably  came  from  the  le&'^hing  of  deep-seated 
granite.  In  the  case  of  the  other  two  localities,  Annaberg  and  Joachimsthal,  it  has 
been  thought  that  the  ores  are  genetically  connected  with  the  granite. 

A  plan  showing  the  striking  relationship  which  the  three  isolated  areas — ^those  of 
Rabbit  lake,  to  the  south.  Cobalt  lake,  in  the  centre,  and  Wendigo  lake,  to  the  north- 
have  to  the  great  northeast-southwest  lines  of  weakness  in  the  area  is  given  (Fig.  15) 

Depth  of  Veins 

Little  can  be  said  in  addition  to  what  has  been  stated  in  the  first  edition  concerning 
the  depth  to  which  the  values  in  silver,  cobalt  and  nickel  will  continue.  At  the  La  Rose 
mine,  which  is  on  the  most  important  vein  yet  exploited,  it  has  been  proved  that  native 
silver  exists  at  the  depth  of  about  200  feet  from  the  surface.  The  maximum  depth  to 
which  veins  on  other  properties  have  been  tested  is  only  about  eighty  feet.  Judging 
from  the  experience  of  other  districts,  which  contain  veins  with  a  similar  assemblage 
of  ores,  native  silver  will  be  found  in  larger  quantity  in  the  upper  workings  than  in 
those  at  a  greater  depth.  This  was  the  case  at  Silver  Islet  on  Lake  Superior,  at  the 
Chalanches,  at  Annaberg  and  Joachimsthal,  and  in  other  localities,  where  native 
silver  has  been  worked.  It  seems  pretty  clear  that  in  most  veins  the  native  silver  is 
a  secondary  product,  formed  by  the  decomposition  of  the  sulphide  and  other  com- 
pounds. While  silver  in  the  free  state  will  probably  become  less  abundant  as  the  veins 
are  worked  to  a  greater  depth,  the  reverse  will  likly  be  true  of  its  compounds.  At  Silvo" 
Islet,  which  was  worked  to  a  depth  of  about  1,200  feet,  the  chief  production  came  from 
the  first  four  levels.  At  the  Chalanches  it  wa3  not  found  profitable  to  work  the  veini 
to  a  great  depth.  At  Annaberg  and  Joachimsthal,  on  the  other  hand,  narrow  veini 
similar  in  width  and  mineral  contents  to  those  of  Cobalt,  have  been  worked  profitably 
to  a  depth  of  between  1,500  and  2,000  feet.  The  writer,  on  general  principles,  would 
not  expect  the  values  in  the  veins  at  Cobalt,  except  as  regards  their  content  in  metaUio 
silver,  to  change  materially  so  long  as  the  veins  continue  in  one  series  of  rocks.  That 
is,  if  a  vein  is  worked  in  Lower  Huronian  rocks,  as  the  majority  of  them  are,  its  values 
should  not  change  materially  until  the  bottom  of  the  basin  in  which  these  rocks  lie  ii 
reached.  Or  if  a  vein  is  followed  from  the  surface  in  diabase,  its  ralnes  should  con- 
tinue not  only  in  this  rock  but  also,  from  what  one  can  say  at  present,  into  the  Lower 
Huronian  as  well,  if  it  underlies  the  diabase,  as  it  does  in  many  parts  of  the  field. 
The  horizontal  extent  of  any  vein,  if  it  can  be  determined,  should  form  some  criterion 
as  to  the  depth  to  which  the  vein  can  be  followed. 
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Markets  and  Refining 

During  the  last  two  or  three  months,  although  more  ore  has  been  mined  than  during 
»  similar  period  heretofore,  less  has  been  marketed.  This  is  owing  to  the  difficulty 
experienced  by  the  company,  which  was  practically  the  only  buyer  of  the  ores,  in 
treating  the  material  so  as  to  extract  all  the  valuable  contents.  Recently  ore  has  been 
sold  for  it«  silver  content  alone,  nothing  being  received  for  the  cobalt,  nickel  or  arsenic, 
thus  entailing  great  loss  on  the  mine  owners.  This  state  of  things  cannot  long  continue. 
Similar  ores  have  long  been  successfully  treated  elsewhere,  and  although  the  processes 
employed  in  the  extraction  of  the  metallic  contents  are  kept  more  or  less  secret,  the 
difficulties  in  making  use  of  them  or  in  employing  others  are  not  insurmountable. 

The  statistics  of  production  are  not  complete  owing  to  the  fact  that  comparatively 
little  ore  has  been  shipped  during  the  last  two  or  three  months,  on  account  of  the  state 
of  the  markets.  Adding  together  the  value  of  what  has  been  shipped  with  that  now 
stored  at  the  mines,  the  output  can  be  estimated  at  approximately  $2,000,000  during  the 
year  just  closed. 

Changes  in  Text  and  Figures 

A  few  illustrations  have  been  added  to  this  edition  (Figs.  2,  15,  17,  32,  etc.)  Some 
additions  have  been  made  to  the  text.  The  quantity  and  value  of  the  shipments  of 
cobalt-silver  ores  during  1905  is  given. 

An  interesting  account  of  the  **Early  History  of  the  Cobalt  Industry  in  Saxony," 
summarized  by  Prof.  Geo.  R.  Mickle  from  a  German  publication,  will  be  found  in  the 
appendix. 

Reviews 

A  number  of  mining  and  geological  journals  have  published  reviews  of  the  first 
edition.  Among  these  reviews  are  those  in  the  Engineering  and  Mining  Journal  of 
New  York,  Mining  World  of  Chicago,  Canadian  Mining  Review  of  Ottawa,  and  in  the 
recently  founded  journal  of  Economic  Geology  of  South  Bethlehem,  Pa.  The  last  men- 
tioned review  is  by  Dr.  C.  K.  Leith,  of  the  University  of  Wisconsin,  who  has  made  a 
special  study  in  several  fields  of  the  group  of  rocks  found  in  the  neighborhood  of  Cobalt, 
where  he  has  also  spent  some  time. 

Benefits  and  Injuries 

The  discovery  of  the  rich  ore  bodies  at  Cobalt  came  at  an  opportune  time  for  the 
northeastern  part  of  the  Province  of  Ontario.  The  Government  railway,  the  Temis- 
kaming  and  Northern  Ontario,  is  being  built  northward  into  a  vast  territory  which 
needs  settlers.  Not  many  miles  northward  of  Cobalt  the  rocky  region,  traversed  by  the 
railway  for  the  first  hundred  miles  of  its  course,  gives  place  to  a  promising  agricultural 
district.  Farther  north,  over  the  height  of  land,  the  railway  taps  the  great  clay  belt 
which  has  been  estimated  to  contain  16,000,000  acres  of  fertile  lands.  Cobalt  has  served, 
and  will  serve,  as  the  lodestone  to  this  great  region  in  the  vicinity  of  Temiskaming  and 
northward.  Its  discovery  during  the  building  of  the  railway  was  thus  fortunate.  The 
cobalt-silver  veins  here  serve  the  purpose  which  the  auriferous  placers  of  Australia, 
California  and  British  Columbia  served  in  their  day.  They  attract  not  only  miners 
but  all  classes  of  people,  and  will  thus  bring  about  the  settlement  of  the  region  much 
earlier  than  would  the  stable  yet  comparatively  prosaic  industries  of  farming  and 
lumbering. 

Cobalt  has  convinced  the  public  that  Ontario  has  deposits  of  ore  richer  than  are 
those  known  in  most  parts  of  the  world.  The  discovery  in  northern  Ontario  of  economic 
minerals  of  any  grade  of  richness  will  not  be  doubted  in  the  future.  It  will  be  different 
from  the  history  of  Cobalt,  which  although  described  in  both  the  daily  press  and  in 
technical  journals,  shortly  after  its  discovery,  received  little  attention  from  the  public 
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for  nearly  eighteen  months.  If  the  ore  bodies  had  been  in  some  remote  region  difficult 
of  access  its  history  as  regards  recognition  would  likely  hare  been  otherwise.  There 
would  have  been  a  stampede  to  it. 

Although  the  Prorince  of  Ontario  has  thus  far  benefited  greatly  by  the  discoTery 
of  Cobalt,  both  as  regards  the  attention  which  it  has  directed  to  our  minerals  and  the 
advertisement  which  it  has  been  for  the  undeveloped  resources  in  general  of  our  north 
country,  it  is  to  be  feared  that  another  period  of  stock-jobbing  may  be  ushered  in.  The 
ignorance,  credulity  and  superstition  of  many  people  is  vast  concerning  mining  enter- 
prises. A  few  rich  ore  bodies  are  discovered  in  a  district,  hundreds  of  worthless  claims 
are  represented  as  being  promising,  and  a  "boom"  is  launched.  People  buy  so-called 
mining  stocks,  and  forever  after  are  cynical  concerning  the  mineral  industry.  That 
a  boom  has  baneful  effects  on  the  mineral  industry  is  patent  to  all  mining  men  in  this 
country.  Since  the  collapse  of  the  boom  which  began  in  the  90' s  it  has  been  almost 
impossible  to  raise  capital  on  mining  enterprises  no  matter  how  promising  they  can  be 
proved  to  be.  It  is  to  be  feared  that  a  similar  state  of  affairs  will  exist  in  two  or  three 
years  if  a  boom  is  now  started  in  connection  with  the  Cobalt  area.  As  regards  this  field 
one  thing  should  be  remembered.  It  is  this, — that  while  certain  claims  have  been 
passed  by  the  inspectors,  there  is  no  evidence,  in  many  cases,  that  these  properties 
will  ever  become  dividend  payers.  It  should  also  be  remembered  that  it  takes  little 
capital  at  Cobalt  to  prove  the  quality  of  most  claims,  and  that  a  majority  of  those 
staked  will  prove  barren.  Companies  do  not  need  to  be  capitalized  at  high  figures. 
No  part  of  the  world  to-day  offers  better  opportunities  for  legitimate  mining  enter- 
prises than  does  Ontario  and  Canada  in  general.  It  is  to  be  hoped  that  the  industry 
will  not  receive  another  set-back  through  mining  on  paper. 

W.  (J.  M. 

Toronto,  February,  1906. 


COBALT-NICKEL  ARSENIDES  •AND    SILVER 

BY  WILLET  a.  MILLER 

Introduction 

What  is  known  as  the  Archean  protaxis,  or  that  rugged,  rocky  region  which  stretches 
away  from  the  St.  Lawrence  river,  expanding  to  the  northwestward,  and  occupying  a 
large  part  of  northern  Ontario,  has  produced  and  is  constantly  producing,  a  group  of 
what  may  be  called  unique,  or  at  least  comparatively  rare,  economic  minerals.  Pro- 
bably as  great  a  variety  of  minerals  is  produced  here  in  proportion  to  the  number  of 
inhabitants  as  is  derived  from  any  other  country.  Among  these  economic  deposits 
are: 

The  nickel  mines  of  Sudbury,  which  is  one  of  the  two  important  nickel  producing 
localities  of  the  world,  with  the  bye-products,  platinum  and  palladium; 

The  corundum  deposits  of  north  Hastings,  south  Renfrew  and  other  areas  in  eastern 
Ontario,  which  now  supplies  by  far  the  greater  part  of  the  corundum  consumed  in  the 
world ; 

The  unsurpassed  feldspar  and  mica  deposits  of  Frontenac  and  adjoining  counties 
and  the  apatite,  graphite,  pyrite,  talc,  gold,  copper,  zinc,  lead,  fluorite  and  barite  of 
the  same  district; 

The  iron  ranges,  which  extend  over  a  great  territory  in  northern  and  northwestern 
Ontario,  but  which,  up  to  the  present,  have  not  been  developed  to  a  great  extent. 

In  addition  to  these,  it  may  be  said  that  a  few  years  ago  north  Hastings  possessed 
the  only  arsenic  plant  in  North  America.  More  recently  the  auriferous-arsenic  ores  of 
Temagami  wore  made  known,  and  lastly  a  discovery  has  been  made  of  the  series  of 
Cobalt-Nickel  Arsenides  and  Silver,  which  are  unique,  so  far  as  known,  on  this  continent, 
and  are  paralleled  by  deposits  only  in  Saxony  and  adjacent  regions  of  continental 
Europe. 

The  eastern  part  of  this  region  is  also  noted  for  certain  minerals  which  can 
scarcely  be  said  to  bo  of  economic  value,  but  are  of  great  scientific  interest.  The  largest 
and  finest  crystals  of  the  mineral  zircon  in  the  museums  of  the  world  come  from  eastern 
Ontario,  ns  do  also  sphones,  pyroxenes,  scapolites  and  other  crystals.  Sodalite,  marble 
and  other  decorative  materials  are  also  found  here. 

Situation  and  Discovery 

A  brief  description  of  the  character  and  modes  of  occurrence  of  the  Cobalt-Silver 
ores  of  the  area  examined  during  1904  is  given,  as  marginal  notes,  on  the  colored  geo- 
logical map  which  accompanies  this  report.  For  practical  purposes,  it  is  not  necessary 
to  add  much  to  these.  In  the  report  which  was  published  in  the  Thirteenth  annual 
.  volume  of  the  Bureau  of  Mines  an  account  of  the  discovery  and  location  of  the  ore 
bodies  was  given.     It  may  be  well  to  repeat  briefly  some  of  this  information. 

These  ore  bodies  which  carry  values  in  silver,  cobalt,  nickel  and  arsenic,  were 
discovered  during  the  building  of  the  Temiskaming  and  Northern  Ontario  Railway.  In 
fact,  it  may  be  said  that  the  railway  discovered  the  deposits,  as  it  runs  almost  over  the 
top  of  what  is  probably  the  most  important  vein  yet  found. »     The  finding  of  such  rich 

1  It  may  be  added  that  the  Canndian  PaolHc  railway  virtually  discovered  the  Sudbury  nickel  deposits.  90  miles 
to  the  southwest  of  Cobalt.  It  can  thus  be  said  that  each  of  the  two  rail  rays,  thus  far  built  in  thlR  part  of  Ontario, 
brought  to  light  an  important  and  little  dreamed  of  mineral  tield. 

A  FORE(^AST. 

It  may  be  Interestingr  to  note  that  the  writer  made  the  following  comment  on  the  mineral  po8sibilitie«5  of  the 
district  in  a  report  over  two  years  before  the  discovery  of  the  Cobalt  deposits— 

•'  It  will  be  seen  from  what  has  been  stated  on  preceding  pages  that  the  district  examined  contains  as  great  a 
variety  of  rocks  as  probably  any  part  of  the  Province  of  equal  area.         .... 

"Although  few  discoveries  of  economic  minerals  have  been, made  in  this  territory,  it  may  reasonably  be 
expected,  judging  from  the  character  and  the  variety  of  the  rocks,  that  deposits  of  value  will  be  found  when  the 
district  is  more  carefully  prospected,  as  it  will  be  in  a  short  time,  owing  to  the  rapid  settlement  which  in  now 
taking  place  ....  It  would  seem  that  at  least  some  of  the  conditions  o*  the  Sudbury  district  are  repeated  In  i  his 
more  eastern  field."  (Report  on  "Lake  Temiskaming  to  the  Height  of  Land"  in  the  Eleventh  Report  of  the 
Bureau  of  Minei»,  page  229.)  This  report  gives  an  account  of  the  rocks  and  of  the  canoe  routes  from  Lake  Temis- 
kaming northward  to  the  Height  of  Land,  and  may  now  be  found  to  be  of  service  to  prospectors. 

r  Q  1 
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ore  within  so  short  a  distance  of  the  shore  of  lake  Temiskaming,  a  stretch  of  water 
which  has  been  a  well-trayelled  route  to  the  north  by  white  men  for  200  years  or  more, 
and  the  deposits  being  only  about  four  miles  from  the  town  of  Haileybury,  show  the 
possibilities  there  are  for  the  discovery  of  important  mineral-bearing  areas  in  the  vast 
hinterland  of  Ontario,  much  of  which  is  little  known.     The  first  of  these  ore  bodies 
to  be  worked  lies  within  half  a  mile  of  what  is  now  known  as  Cobalt  station,  distant 
by    raif    103    miles    from    North    Bay    junction    on    the  transcontinental  line  of  the 
Canadian    Pacific,  and  330  miles  almost  north  of  the  city  of  Toronto.^   It  may  also  be  added 
that  one  of  the  oldest  know  ore   bodies  in  North  America,  the  argentiferous  galena 
on  the  east  side  of  lake  Temiskaming,  is  distant  only  8  or  9  miles  from  Cobalt  station. 
This  galena  deposit  was  apparently  discovered  by  voyageurs  150  years  ago.     A  map  of 
the  lake  published  in  1744  has  a  bay  marked  on  it  with  the  name  ''Anse  a  la  Mine/' 
thus  showing  that  the  deposit  was  known  at  least  at  that  date,   and  probably^  much 
earlier,  owing  to  the  fact  that  the  ore  outcrops  at  the  water's  edge  and  is  of  such  a 
character  as  to  attract  attention  (Fig.  2). 

Some  of  these  veins  in  the  vicinity  of  Cobalt  station  were  apparently  noticed  by 
the  men  employed  in  railway  construction  in  the  spring  of  1903,  but,  there  being 
no  miners  or  prospectors  among  them,  little  interest  Was  aroused  and  nothing  was 
heard  of  the  discovery  by  prospectors  till  October  of  the  same  year.  At  that  time 
Mr.  T.  W.  Gibson,  Director  of  the  Bureau  of  Mines,  then  in  that  part  of  the  Province, 
was  given  a  sample  of  niccolite  which  the  donor  thought  was  copper  ore,  the  color  of 
this  mineral  being  like  that  of  copper  as  the  German  name,  kupfer-nickol,  indicates. 
Mr.  Gibson,  however,  recognized  the  value  of  the  sample  and  forwarded  it  to  the 
writer,  who  was  then  in  the  eastern  part  of  the  Province,  and  asked  him  to  make  n 
report  on  the  occurrence  as  soon  as  possible.  The  writer,  although  he  knew  the  speci- 
men represented  high  class  ore,  hardly  expected  to  find  ores  of  the  character  and  in 
the   quantity   which  he  saw   on    his  arrival. 3     This   mineral,   niccolite,   had   been   found 

2  The  nam(?  t'oJuilt  appears  to  oome  from  the  Cirrinan  Kobitld.  m^'aninp  poblin  or  house  spirit.  The  metal  was 
K)  called  hv  the  miners  because  its  ore.  heinjr  arsenious.  was.  poisonous  and  ditlicult  to  treat.  The  writer  felt, 
however,  when  he  siigtr»>sted  tlie  name  lor  the  town,  that  in  this  age  such  a  name  would  not  be  considered 
unlucky. 

THK  CIIKISTEXING  OF  THE  TOWN  oF  COBALT. 

Fearing  that  the  name  "  Ixm^  Ijike."  which  had  been  in  use  for  the  eonstruetiou  camp,  would  be  retained  for 
the  .station  wljieh  It  had  been  decided  to  place  at  this  i^olnt  on  the  railway,  the  writer  endeavored  to  select  a  name 
which  would  be  in  keeping  with  the  locality.  As  an  experiment  he  put  up  a  po^t.  in  the  first  week  of  June.  19W. 
on  the  railway  near  the  lake  and  wrote  on  a  piece  <>f  boanl  attaehe<l  to  the  pa«;t.  "  Cobalt  Station,  T.  A:  N.  O.  Ry." 
The  name  look  at  once,  as  was  neen  when  the  writer  visited  Haileybury  n  few  days  afterwards.  The  w(^rkmenand 
others  from  U»ng  I^ikc  who  had  registered  at  the  hotel  in  the  meantinie  had  all  given  their  address  as  "CiJbalt." 

On  tlie  Tihof  June.  19(M.  tlie  writer  wrote  to  Mr.  T.  \V.  <iib«on,  director  of  the  Bureau  of  Mines,  e.  nceming 
the  nanie  of  the  station. 

EXTRACT  FROM  LETTER  FROM  W.  G.  MILLER  TO  T.  W.  GIBSON. 

"  I  wish  you  would  suggest  to  the  Commissioner!  of  the  T.  I'i:  .N.O.  Ry..  or  whoever  has  the  naming  of  tlie 
stations  alon^'  the  line,  that  th»\v  call  this  station  at  Long  I>ake,  Cobalt  Station."  "There  will  bea  post  olRee  here 
in  time— tli«Te  are  enough  people  here  f()r  one  already — and  tliere  is  now  a  Long  I>»ke  p(»t  office  in  Frontenao 
County.  The  name  •' (Cobalt  "  would  be  unique.  It  "would  s«*rve  to  advertise  the  place  and  miners  and  others 
wouhl  not  uct  mixed  in  their  stopping  oil  place,  as  they  might  if  the  stiition  is  simply  called  •  Long  Lake.' " 

On  June  llth.  Mr.  (Jibson  wrote  to  the  Secretarv  of  the  Railway  Commi.-iglon,  Mr.  P.  A.  Ryan,  concerning  the 
calling  of  the  statitm  *'  Cobalt."    Two  days  afterwards  on  Jnne  13th.  Mr  Ryan  wrt»te  as  follows  to  Mr.  Gibson  : 

"  1  beg  to  acknowledge  re<'eii>t  (»f  vour  fav»)r  of  the  llth  in.*it.  suKgesting  that  the  (Station  which  will  proliably 
be  established  at  l^nf  Lake,  south  of  the  Township  of  Hucke  be  called  "(-obalt."  The  .suggestion  which  you  ranke 
strikes  me  as  V^eing  a  goo<l  one.  and  I  shall  have  plea.sure  in  bringing  vour  letter  before  the  Commission  at  the  pro- 
per time." 

Shortly  after  the  receipt  of  Mr.  Jiynn's  letter  tlie  Commistioners  met  and  accepted  the  name  **  Cobnlt"  ff»r 
the  station,  which  is  now  known,  probably,  at  least  as  widely  as  Dawson  City  and  the  Klondike. 

•**  At  the  time  of  the  writer's  arrival  in  the  district,  in  November  1903,  4  veins,  all  of  which  were  very  rich,  had 
been  found.  Three  of  these  were  within  sight  of  the  railwav  and  the  fourth  was  a  short  distance  to  the 
southeast.  The  blackened,  tarnished  silver  had  up  to  that  liiiie  attracted  little  or  no  attention,  although  it 
occurred  in  i>rofu8ion  in  two  or  three  of  the  weathered  outcropw.  At  the  present  time  over  40  veins  and  stringer?, 
the  majority  of  whiirh  can  be  worked  at  a  protit,  have  been  found.  They  are  distributed  over  approximately  2^ 
forty-acre  lota,  and  are  in  the  hands  o!  lf»  or  20  individuals  or  companies.  Other  veins  are  beinif  found  every  few 
days.  Although  the  writer's  lirst  report  of  his  examination  of  this  cobalt-silver  area  was  published  in  November. 
1903.  the  public  evinced  little  interest  in  the  field  until  abtmt  eighteen  months  afterwards,  when  reports  were 
made  of  shipments  from  various  properties.  The  lack  of  intert^st  was  apparenilv  due  to  the  fact  that  the  eri) 
efleets  of  the  mining  U>om  of  a  few  years  ago  had  not  died  out,  and  the  public  were  more  or  less  sceptical  of 
reports  on  raining,  no  matter  from  what  source  they  might  emanate.  Bv  June,  19a'>,  interest  was  aroused  in  the 
district  through(»ut  North  America,  and  the  riLsh  to  Cobalt  has  been  greater  than  has  been  seen  before  in  the  mining 
fields  of  Ontario. 

The  following  extnicts  from  letters  written  in  the  autumn  of  1903  bv  Mr.  T.  W.  Gibson.  Director  of  the  Bureau 
01  Mines,  may  now  have  .some  historical  interest. 
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some  years  before  in  association  with  the  lower  grade  nickel  ores  of  some  of  the  Sudbury 
deposits,  but  no  great  quantity  of  it  has  up  to  the  present  been  discovered  in  the 
Sudbury  field,  the  town  of  which  name  lies  about  90  miles  southwest  of  Cobalt  station. 
It  may,  however,  be  stated  that  the  Sudbury  ore  deposits  are  quite  different  in  character 
and  in  origin  from  those  at  Cobalt,  although  the  metal  nickel  is  an  economic  constituent 
in  each.  The  Sudbury  deposits  have  received  a  great  deal  of  attention  from  geologists 
during  the  last  fifteen  years  or  more,  and  two  important  reports  have  recently  been 
published  on  them.  These  are  by  Dr.  A.  E.  Barlow,  of  the  Geological  Survey,  and  by 
Professor  A.  P.  Coleman,  of  this  Bureau.  Nearly  all  the  writers  agree  that  the  ores 
are  essentially  of  igneous  origin, — ^that  is,  that  the  nickeliferous  magnetic  pyrites  or 
pyrrhotite  and  copper  pyrites  have  separated  from  a  molten  mass  of  rock.  The  deposits 
at  Cobalt,  on  the  other  hand,  occupy  narrow,  practically  vertical  fissures  or  joints 
which  cut  through  a  series  of  usually  slightly  inclined  metamorphosed  fragmental  rocks 
of  Lower  Huronian  age  (Fig.  1).  A  few  veins,  of  similar  form,  have  also  been  found 
in  the  adjacent  diabase.  Some  of  the  recently  discovered  veins  near  the  centre  of 
location  R.  L.  404  appear  to  be  partly  or  wholly  in  the  Keewatin,  which  is  here  in 
contact  with  the  Lower  Huronian. 

The  material  in  these  veins  has,  in  all  likelihood,  been  deposited  from  highly 
heated  and  impure  waters  which  circulated  through  the  cracks  and  fissures  of  the  crust 
nnd  were  probably  associated  with — followed — ^the  post-Middle  Huronian  diabase  and 
gabbro  eruption  .4  It  is  rather  difficult  to  predicate  the  original  source  of  the  metals — 
silver,  cobalt,  nickel,  arsenic  and  others — now  found  in  these  veins.  They  may  have  come 
up  from  a  considerable  depth  with  the  waters  or  they  may  have  been  leached  out  of 
what  are  now  the  folded  and  disturbed  greenstones  and  other  rocks  of  the  Keewatin. 
Analyses  of  various  rocks  of  the  area  have  not  given  a  clue  as  to  the  origin  of  the  ores. 
As  these  ore  bodies  in  the  vicinity  of  Cobalt  station  may  be  said  to  be  unique  among 
those  known  in  North  America,  we  have  no  chance  of  instituting  comparisons  on  this 
continent.  Some  European  veins,  however,  such  as  those  of  Annaberg,  Joaohimsthal  and 
other  localities  which  will  be  again  referred  to,  show  a  similar  association  of  minerals. 
The  origin  of  these  has  been  explained  by  most  authors  by  the  supposition  that  the 
metals  were  leached  from  the  surrounding  rocks.  The  writer  has  found,  however,  from 
the  descriptions  which  have  been  published  of  most  of  these  European  occurrences,  that 
there  are  usually  basic  dikes  in  the  vicinity  of  the  veins.     These  dikes  appear  to  have, 


(Extract  from  letter  irum  T.  W.  Gibson  to  W.  Q.  Miller,  then  inspecting  mineral  properties  in  the  vicinity 
of  Perth,  Ont)  . 

"  Bureau  of  Mines.  Toronto,  Oct  26th,  29C8. 

"  I  am  enclosing  herewith  n  fragment  of  a  larger  sample  of  what  I  take  to  be  kunfer-nickel  found  along  tha 
line  ot  the  Temiskaroing  <&  Northern  Ontario  Railroad.  Tne  locality  of  the  deposit  is  in  the  unsurveyed  terntonr 
immediately  south  of  the  township  of  Bucke  I  have  not  learned  anything  as  to  the  extent  of  the  discovery,  but  if 
the  deposit  is  of  any  considerable  size,  it  will  be  a  valuable  one  on  account  of  the  high  percentage  of  nickel  which 
this  mineral  contains.  I  think  it  will  )>e  almost  worth  your  while  to  pay  a  visit  to  the  locality  of  the  discovery 
before  navigation  closes.  I  am  under  the  impression  that  the  find  was  made  while  making  the  cutting  for  the 
railway.  Mr.  Ferland,  of  Haileybury.  showed  me  a  sample  of  the  mineral  when  I  was  there,  but  he  did  not  appear 
to  recc^izeit  or  icnow  its  value,  deeming  it  a  compound  of  copper.  It  would  be  rather  remarkable  should  our 
nickel  deposits  turn  oat  to  have  a  wider  range  than  nas  hitherto  been  supposed,  and  especially  i/  the  new  outcrop 
should  be  a  large  one  containing  ore  of  so  high  a  grade." 

^^Sxtract  from  letter  from  T.  W.' Gibson  toiW.rO.  Miller.'addressed  to  Haileybury.) 

Bureau  of  Mines,  Toronto,  Nov.  13th,  1903. 

"  I  duly  received  your  letters  of  the  6th  and  9th  inst.,  respecting  the  progress  you  are  making  in  looking  up 
the  really  wonderful  finds  which  appear  to  have  been  made  in  the  locality  where  you  are.  I  hope  you  will  be 
able  to  procure  a  first-class  set  of  samples  for  the  Bureau  from  all  the  discoveries,  and  am  waitmg  with  some 
degree  of  anxiety  your  report  on  the  western  deposit,  namely,  the  one  at  Loon  Lake." 

On  November  16th,  1908.  the  Toronto  "  Globe"  had  a  half-column  article,  based  on  letters  of  W.  G.  Miller  to 
to  the  Bureau  of  Mines.    The  following  sentences  indicate  the  tenor  of  the  article:    "Bich  discoveries  along 
government  railway.    .     .    .    Exceeding  rich  in  nickel.     .     .     .     Silver,  cobalt  and  arsenic  also  found.    .     .    . 
One  sperimeu  of  silver  obtained  bv  Mr.  Miller  was  about  the  size  of  his  hand,  and  half  an  inch  thick." 

On  November  20th  another  half  column  article,  an  interview  with  W.  G*  Miller,  appeared,  in  which  are  these 
fientences,  "  Temiskaming  minerals  .  '.  .  Prof.  Mliler  returned  with  samples.  Says  there  is  no  doubt  as  to  the 
importance  of  the  find.    .    .    .    One  large  piece  of  silver  weighs  about  ten  pounds." 

Interviews  of  this  date  also  appeared  in  several  other  Toronto  newspapers. 

*  The  waters  are  said  to  be  associated  or  connected  with  the  diabase  eruption  in  the  senre  that  they  probably 
represented  the  end  product  of  the  eruption.  In  many  volcanic  regions  hot  springs  are  present  long  after  the 
the  rocks  have  solidified..  In  the  Cobalt  area  the  fissures  and  joints  now  occupied  by  the  ores  were  probably  pro- 
duced by  the  gradual  shrinkage  in  cooling  of  the  diabase,  the  ores  being  deposited  by  the  waters  which 
represented  the  last  stage  of  vulcanicity. 
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in  some  cases,  the  same  relation  to  the  ore  bodies  that  those  of  diabase  and  gabbro  have 
in  the  Ontario  cobalt  region. 

Ores  and  Minerala. 

The  more  important  ores  in  the  veins  under  consideration  are  native  silver, — 
associated  with  which  is  usually  some  dyscrasite,  argentite,  pyrargyrite  and  other 
compounds  of  the  metal — smaltite,  niccolite  and  related  minerals.  Many  of  the  minerals 
occur  mixed  in  the  ores,  and  for  this  reason  some  of  them  have  not  been  clearly  identified. 
Another  character  of  the  minerals  which  renders  their  identification  difficult,  is  the 
fact  that  most  of  them  occur  in  the  massive  form.  Crystals  when  present  are  smaU, 
being  almost  microscopic  in  sice.  The  writer  has,  however,  identified  the  following 
minerals,  which  can  be  conveniently  classed  under  the  headings: 

I. — Native  Elements : 

Native  silver,  native  bismuth,  graphite. 

II. — Arsenides : 

Niccolite,  or  arsenide  of  nickel,  NiAs ;  chloanthite,  or  diaisenide  of  nickel,  Ni  As^  >  smaltit, 
or  diarsenide  of  cobalt,  CoAsg. 

111. — Arsenates : 

Erythrite,  or  cobalt  bloom,  Co,  Asa  Os+SHqO  ;  and  annabergite,  or  nickel  bloom,  Ni,  As, 
Og+S  H^O. 

IV. — Sulphides : 

Argentite,  or  silver  sulphide,  Ag^S ;  millerite,  or  nickel  sulphide,  NiS. 

V. — Sulph-arsenide ; 

Mispickel,  or  sulph-arsenide  of  iron,  Fe  AsS ;  cobaltite,  or  sulph-aisenide  of  cobalt,  CoAsS. 

VI. — Antimonide : 

Dyscrasite,  or  silver  antimonide,  AggSb. 

VII.— Sulph-antimonides : 

PyraiWrite,  or  dark  red  silver  ore,  Ag,  SbS, ;  tetrahedrite,  or  sulph-antimonide  of  copper, 
011981)287. 

In  addition  to  the  above  minerals  there  are  a  number  of  secondary  or  decomposition 
products  with  rather  indefinite  characteristics,  such  as  asbolite,  which  may  be  called  a 
much  weathered  form  of  cobalt  bloom.  It  consists  essentially  of-  the  oxides  of  cobalt, 
manganese,  etc.  The  cobalt  bloom  and  annabergite  occur  intermixed,  at  times,  in  pro- 
portions such  that  the  red  color  of  the  former  counteracts  the  green  color  of  the  latter, 
a  white  clay-like  substance  being  the  result.  There  are  occasionally  other  sulphides 
present  than  those  mentioned,  especially  in  the  wall  rock.  These  consist  of  copper 
pyrites  and  bornite,  which  are  the  sulphides  of  copper  and  iron ;  galena,  the  sulphide  of 
lead;  and  iron  pyrites,  the  disulphide  of  iron.  Zinc  blende  is  found  oocasionaUy. 
These  minerals  in  the  wall  rock  were  probably  deposited  before  the  vein  materials. 

One  is  struck  with  the  great  variety  of  these  comparatively  rare  minerals,  some 
of  which  occur  in  a  high  percentage  in  the  deposits.  The  number  of  metals  is  also 
large. 

A  characteristic  of  the  group  is  the  subordinate  part  which  sulphur  plays  in 
comparison  with  arsenic.  Antimony,  which  is  not  abundant,  is  found  in  some  com- 
pounds where  we  would  expect  to  find  arsenic,  since  the  latter  is  so  much  more  abun- 
dant. For  instance,  while  we  have  both  native  silver  and  arsenides  in  abundance,  no 
compounds  of  arsenic  and  silver  have  yet  been  recognised,  although  they  are  probably 
present.  Then  one  would  also  expect  to  find  some  compounds  of  bismuth  since  this 
metal  occurs  in  the  free  state  in  considerable  quantities  in  some  parts  of  the  deposits. 
It  might  also  be  expected  that  native  arsenic  would  occur  at  times. 

It  will  be  seen  from  a  following  page  that  nearly  all  the  chemical  groups  of  minerals 
found  in  the  celebrated  Joachimsthal  deposits  of  Bohemia  are  present  in  the  Temiskam- 
ing  ores.  The  most  important  exception  is  uraninite  or  pitchblende,  which  came  into 
prominence  a  few  years  ago  on  account  of  its  being  the  chief  source  of  the  element 
radiam.  The  Austrian  Government  finding  they  had  a  practical  monopoly  of  pitch- 
blende are  reported  to  have  prohibited  its  export. 

The  Bohemian  deposits  appear  never  to  have  been  so  rich  in  silver,  cobalt,  nickel 
or  arsenic  as  are  those  of  Ontario. 
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NOTES  ON  MINERALS 

The  6  or  6  veins,  with  one  exception,  which  were  the  first  to  be  worked,  all  carry 
high  values  in  silver,  as  do  those  discovered  more  recently.  The  outcrop  of  the  non- 
silver  bearing  vein  was  about  14  inches  in  width  of  practically  solid  ore,  which  had 
a  gray  color  and  was  not  unlike  mispickel  in  appearance,  (Fig.  6).  Very  little  vein- 
stone, such  as  calcite,  or  quartz,  was  present.  When  examined  carefully  in  hand 
specimens,  this  apparently  massive,  uniform,  gray  ore  is  found  to  contain  two  con- 
stituents. Set  through  the  gray  round  mass  are  grains  of  the  copper  colored  niccolite, 
the  ground  mass  itself  being  smaltite.  Occasionally  this  ore  in  tiny  vugs  shows 
crystals  large  enough  to  be  recognized.  Minute  crystals  of  smaltite  also  occur  in 
the  wall  rock.  No  crystals  of  the  niccolite  have  been  recognized.  There  are  probably 
some  other  closely  related  arsenides  of  cobalt  in  addition  to  smaltite  in  this  ore. 
The  diarsenide  of  nickel,  chloanthite,  is  also  present.  At  times  some  massive  tetrahe- 
drite  is  seen,  and  it  is  usually  associated  with  copper  pyrites,  which  helps  one  to  identify 
it.  It  is,  however,  usually  readily  recognizable  by  its  black  color  and  bright  appear- 
ance. 

Much  of  the  surface  of  this  ore  shows  the  decomposition  product,  cobalt  bloom,  the 
arsenide  having  been  changed  by  atmospheric  agencies  to  the  arsenate,  the  oxidized 
form.  There  is  at  times  some  green  decomposition  material,  which  is  the  arsenate  of 
nickel,  known  as  antiabergite.  Occasionally  the  cobalt  bloom  shows  a  crystalline  structure, 
being  in  the  form  of  delicate  rosettes.  The  bloom,  which  is  of  a  delicate  pmk  color, 
can  be  easily  recognized,  if  one  has  any  difficulty  in  distinguishing  it  from  -certain 
shades  of  red  oxide  of  iron,  by  heating  it  gently,  when  it  will  take  on  a  blue  color. 
This  is  characteristic  of  all  hydrated  salts  of  cobalt.  They  are  pink  or,  if  in  dilute 
solations,  almost  colorless.  Sympathetic  ink,  for  instance,  is  a  dilute  solution  of  cobalt 
salt.  If  a  pen  be  dipped  into  it  and  used  for  writing  on  paper,  the  writing  is  invisible 
until  the  paper  is  heated,  driving  off  the  water  and  dehydrating  the  salt,  which  then 
takes  on  a  distinct  blue  color. 

In  most  of  the  veins  where  silver  is  found  in  important  amounts,  a  uniform  massive 
stmoture  like  that  of  the  vein  just  referred  to  is  not  exhibited.  There  is  more  or  less 
calcite  present,  and  at  times  a  little  quartz.  The  veins  sometimes  show  a  crudely 
banded  structure.  The  writer  is,  however,  unable  to  say  that  there  is  any  special 
arrangement  of  the  ores  in  these  veins. 

The  ores  are  frequently  grown  together.  Arsenides  of  cobalt  and  nickel,  for 
example,  hare  native  silver  intimately  mixed  with  them ;  at  other  times  there  is  almost 
massive  smaltite  or  niccolite.  Some  of  the  veinlets  which  form  junctions  with  the 
larger  reins  contain  much  silver  in  various  forms.  The  chloanthite  occurs  characteris- 
tically in  small  spheroidal  masses  in  calcite. 

The  native  silver  is  in  masses  and  also  occurs  in  films,  flakes,  sheets  and  wire-like 
formSy  eqpaoialls  in  calcite.  On  analysis  it  is  found  to  contain,  usually,  some  antimony 
and  occasionally  bismuth.  The  dyscrasite  is  usually  closely  associated  with  native 
silver.  Pyrargyrite  is  not  very  abundant,  and  only  one  slab  or  angular  piece  of  ore 
which  the  writer  examined  contained  crystals  of  this  mineral.  These  were  of  sufficient 
nie  to  be  examined  with  a  reflecting  goniometer.  Pig.  4  represents  one  of  these  crystals 
which  has  been  kindly  measured  by  Professor  Goldschmidt,  of  the  University  of  Heidel- 
berg. The  pyrargyrite  is  rather  easily  recognized  by  the  color  of  its  streak.  Argentite 
occurs  in  a  number  of  the  veins,  and  is  easily  recognized  by  its  softness,  cutting  like 
lead,  from  which  metal  it  may  be  distinguished  by  its  black  color. 

Only  one  sample  containing  the  delicate  needles  or  hair-like  forms  of  the  sulphide 
of  nickel,  millerite,  was  found,  although  it  is  likely  this  mineral  occurs  in  most  of  the 
deposits.    Being  so  delicate,  the  crystals  are  easily  destroyed. 

Native  bismuth  has  been  found  in  all  of  the  deposits  worked.  On  freshly  broken 
surfaces  it  has  almost  the  color  of  native  silver,  and  is  not  readily  recognized  unless  it 
is  cut.    Being  softer  than  silver,  it  is  rather  easily  determined,  its  color  distinguishing 
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it  from  argentite.     Natire  bismath,  however,  soon  iamiahes  on  exposure  to  the  air, 
and  takes  on  a  rather  striking  yellowish  color,  something  like  that  of  pyrite  or  bomite. 

The  following  analyses  will  giro  some  idea  of  the  eharaeteristios  of  the  minerals  and 
of  the  yalne  of  the  shipments  which  hare  been  made  from  a  number  of  the  deposits,  the 
material  in  one  rein  being  similar  to  that  in  most  of  the  others. 


Fig.  4. 

The  following  note  on  the  pyrargyrite  crystals  from  the  La  Rose  mine  is  by  Prof. 
Nicol: 

"  The  crystals  occur  as  an  incrustation  on  the  surfaces  of  chinks  or  cracks  in  the 
country  rock  intimately  associated  with  argentite  or  silver  glance. 

'*The  crystals  are  more  or  less  well  developed  hexagonal  prisms,  terminated  in  some 
cases  by  rhombohedrons  and  scalenohcdrons.  The  crystal  reproduced  in  the  drawings 
shows  a  somewhat  peculiar  development — only  five  faces  of  the  prism  of  the  first  order  a 
are  present ;  the  sixth  face  b  is  a  single  representative  of  the  prism  of  the  second  order." 

Shipments  and  Analyses 

The  production  for  the  first  quarter  year  ending  March  Slst,  during  which  ship- 
ments were  made,  was  354.05  tons  of  ore  valued  at  $293,552.     The  ore  thus  averaged 

« 

$829  a  ton.    The  average  percentage  of  the  metals  in  the  ore  was  as  follows: 

Per  cent. 

Silver    4.802 

Cobalt    8.264 

Nickel    ; 4.739' 

Arsenic 34.606 

The  4.802  per  cent,  of  silver  represents  1,406.27  ounces  a  ton.  The  cobalt,  nickel 
and  arsenic  in  one  car  load  are  not  included,  no  returns  having  been  made. 

During  the  second  quarter,  March  31st  to  June  30th,  the  shipments  were  537  tons, 
valued  at  $394,552,  or  an  average  of  $734  a  ton. 

The  average  percentage  of  the  metals  in  the  ore  for  this  quarter  was: 

Per  cent. 


Silver 
Cobalt 
Nickel 
Arsenic 

2a  B.  M. 
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4.158 

6.890 

8.091 

80.912 
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The  metals  in  the  ore  were  sold  at  approximately  the  following  prices:  Silver,  65 
to  60  cents  an  os.  Troy  tor  90  per  cent,  of  the  contents,  cobalt,  66  cents,  nickel,  12  to 
16  cents,  and  arsenic  about  1  cent  a  pound. 

During  the  first  quarter  there  were  four  companies  or  individuals  who  made  ship- 
ments, namely,  Messrs.  Timmins,  Dunlap  and  McMartin,  of  the  La  Rose  mine,  or 
J.  S.  14,  Mr.  W.  G.  Trethewey,  of  the  New  Ontario  mine,  or  J.  B.  7,  Messrs.  R. 
Gorman  and  Co.,  of  the  McEinley  and  Darragh  mine,  or  J.  B.  1,  and  the  Nipissing 
Mining  Company,  who  worked  the  Cobalt  Hill  and  Little  Silver  veins  in  the  north- 
west and  southwest  corner  of  R.  L.  404  respectively.  During  the  second  quarter  smaD 
shipments  were  made  from  one  or  two  other  properties. 

Total  Shipments  for  1905 

The  Ciinipanies  shipping  ore  during  the  third  and  fourth  quarters  of  the  year  1906, 
in  addition  to  those  mentioned  above,  were  the  Kerr  Lake  Mining  Company,  Victoria 
Mining  Company,  Buffalo  Mining  Company,  Trethewey  &  Leonard,  Lawson  Mine, 
White  Silver  Company,  Glendenning-BIair  and  Kerr,  Watts  &  Allen,  Temiskaming  A 
Hudson  Bay  Company,  Violet  Mine,  Drummond  Mines  Ltd.,  O'Brien.  One  or  two 
other  properties  had  a  small  production.  The  total  number  of  producers  was  seventeen. 
During  the  second  half  of  the  year,  owing  to  there  being  do  plants  in  America 
adapted  to  extracting  all  the  constituents  of  the  ores,  the  mine  owners  received,  in  some 
cases,  no  pay  for  the  cobalt,  nickel  and  arsenic  contents,  the  purchasers  allowing  for 
the  silver  only.  For  this  reason  the  statistics  of  production  received  by  the  Bureau  of 
Mines  are  incomplete,  complete  analyses  not  having  been  made  of  some  shipments.  In 
compiling  the  following  table  the  average  of  the  cobalt,  nickel  and  arsenic  contents  in 
the  shipments  analyzed  has  been  taken,  and  proportionate  percentages,  based  on  tlie 
silver,  in  the  shipments  of  which  complete  analyses  were  made,  has  been  added  to  those 
which  were  incompletely  analyzed. 

Owing  to  their  receiving  nothing  for  some  of  the  metallic  contents  of  the  ores,  if 
sold  during  the  latter  half  of  the  year,  the  producers  had  stored  at  their  mines  on 
December  31st,  1905,  the  end  of  the  year  represented  by  the  statistics,  a  considerable 
quantity  of  ore.  In  two  or  three  cases  the  quantity  in  storage,  represented  a  value  of 
$100,000  or  more.  The  following  table,  therefore,  does  not  represent  the  total  production 
for  1905,  but  merely  the  shipments : 

Quantity.  Value. 

Tons  of  ore  shipped   2,144 

Silver,  ounces  2,441,421  $1,366,306 

Cobalt,  tons    118  100,000 

Nickel,   tens   75  10,526 

Arsenic,  tons   649  2,693 

The  2,144  tons  of  ore  shipped  during  the  year  had  therefore  a  percentage  composi- 
tion of:  silver  3.90,  cobalt  6.50,  nickel  3.49,  arsenic  26.60.  A  percentage  of  silver  of 
3.90  represents  1,138.72  ounces  a  ton,  or  at  64  cents  an  ounce,  the  present  price  of  silver, 
a  value  of  $728.78  a  ton  of  ore  throughout  the  year.  It  is  needless  to  say  that  the 
average  value  of  the  ore  shipped  from  few  mining  camps  can  equal  this.  The  aversige 
ralue  of  the  total  metallic  contents  per  ton  of  ore  shipped  throughout  the  year,  at  the 
prices  received,  was  $684.94.  It  should  be  noted  that  most  of  the  ore  mined  during  the 
past  year  came  from  near  the  surface.  Hence  the  percentage  of  cobalt,  nickel  and 
arsenic  is  lower  than  it  will  be  where  greater  depth  is  reached,  the  metals  being  leached 
out  by  surface  agencies. 

The  ore  shipped  up  to  the  present  has  been  sorted  by  hand.  Much  ore  that  would  be 
considered  high  grade  in  most  mining  camps  is  accumulating  on  the  dumps.  This  will 
no  doubt  be  milled  in  the  not  distant  future  and  will  add  materially  to  the  output. 
Further  reference  is  made  on  page  20,  under  the  heading  of  Veins,  to  the  value  of 
shipments. 
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It  will  be  of  interest  to  add  the  following  to  the  shipments  of  1905,  158  tons  being 
shipped  in  1904. 

Cobalt  Output  in  1904 

SUver,  ounces  206,875  ^111,887 

Cobalt,  tons  16  19,960 

Nickel,  tons  14  3,467 

Arsenic,  tons  72  904 

ToUl   $136,218 

Ore  shipped,  tons  158 

The  uses  made  of  cobalt  and  a  table  showing  the  production  of  the  metal  in  various 
countries  are  given  on  following  pages.     The  uses  of  arsenic  are  also  mentioned. 

Exhibit  of  Cobalt-Silver  Ores 

Through  the  Bureau  of  Mines,  arrangements  were  made  for  securing  a  collection  of 
the  cobalt-silver  ores  for  exhibition  at  the  Louisiana  Purchase  Exposition,  held  at  St. 
Louis  in  1904.  These  were  obtained  at  the  request  of  Mr.  William  Hutchison,  Domin- 
ion Exhibition  Commissioner,  who  has  since  purchased  the  samples  exhibited  with  the 
object  of  keeping  them  as  a  permanent  exhibit.  They  were  afterwards  sent  to  the  Liege 
Exhibition,  Belgium. 

The  following  notes  given  to  the  writer  by  Mr.  W.  E.  H.  Carter,  late  Provincial 
Inspector  of  Mines,  show  the  composition  and  character  of  the  exhibit.  While  the 
exhibit  was  at  St.  Louis  it  was  sampled  by  Mr.  Carter,  who  has  this  to  say  of  the 
various  specimens:  ''The  niccolite  contains  silver  not  only  disseminated  but  in  pure 
stringers  and  nuggets  as  well.  These  nuggets  and  stringers  were  not  included  in  the 
sample  taken  for  analysis,  but  should  be  considered  as  very  considerably  adding  to  the 
value  of  the  ore  represented  by  my  sample. 

"I.     Cobalt-Silver  Ore,  Sample  from  R.  L.  404: 

(a)  50  lb.    decomposed    material    with    silver,    containing    by 

estimate  30  p.  c.  silver,  which  amounts  to  291  os.,   and 

at  66c.   per   02 $160  05 

(b)  61  pieces  cobalt  ore  ^    75  pieces  weighing 

(a)  14  pieces,  wall  rock  with  silver /  6,510  lb. 

This  6,510  lb.  contains  by  assay — 

Silver,  2.58  oa.,   per  ton,  at  65c $  4  62 

Cobalt,   18.04  p.  c.,— 1,174.4  lb.,  at  65c 763  36 

Nickel,  5.52  p.  c.,^359.36  lb.,  at  16c 63  90 

Arsenic,  39.56  p.  c.,— 791.2  lb.,  at  Ic 7  91 

Total   value  of  sample  $1,019  84 

(a)  From  Little  Silver  vein,  southwest  corner  of  location  R.  L.  404. 

(b)  From  Cobalt  Hill  vein,  in  northwest  comer  of  the  same  location. 

"II.  Niccolite-Silver  Ore,  from  La  Rose  mine.  Location  J.  S.  14  on  map : 

Containing  by  asssay.  Value  per  ton. 

Silver,  7.944  p.  o.-<3,069  oa.,  per  ton,  at  54c $1,668  06 

Cobalt,  8.93  p.  c.,— 178.6  lb.,  at  65c 116  09 

Nickel,  16.67  p.  c.,— 313.4  lb.,  at  I60 47  01 

Arsenic,  39.56  p.  c.,— 791.2  lb.,  at  Ic 7  91 

Total    per  ton    $1,839  07 

There  are  about  three  tons  in  the  sample  $5,517  21 
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"III.  Trethewey's  Cobalt-Silver  Ore,  Location  J.  B.  7  on  map : 
145  lb.  in  all.    Of  this,  15  lb.  is  by  estimate  pure   silver— 

291  OE.— and  at   64c $167  14 

And  ISO  lb.  is  cobalt  ore    containing    silver,   and  valued 
at  $1.50  per  lb 195  00 


Total  value  $352  14 

''In  valuing  the  above  ores  I  have  taken  the  prices  paid  by  the  dealers  at  New 
York  for  the  crude  ore,  which  are  as  follows  for  the  several  metals : 

Silver   Market  value. 

Cobalt  65c.  per  lb. 

Nickel   15c.  per  lb. 

Arsenic  Ic.  per  lb." 

The  value  of  these  samples  of  ore,  which  are  to  be  kept  for  exhibition  purposes,  is 
approximately  as  follows: 

(1)  Sample   of    cobalt-silver    ore    from    R.     L.     404,     weight 

6,560  lb.,   value    $1,019  84 

(2)  Niccolite-silver    ore    from   La    Rose    mine,   exact    weight 

not  given,  but,  if  it  is  three  tons,  as  stated,  the  value 

of  the  sample  is  5,517  21 

(3)  Trethewey  cobalt-silver  ore,  145  lb.  in  all,  value  352  14 


Total  value  of  collection  $6,889  19 

The  cobalt  is  contained  essentially  in  the  mineral  smaltite,  which  is  a  diarsenide 
of  this  metal.  Most  of  the  nickel  in  the  samples  occurs  as  the  arsenide,  niccolite,  but 
some  of  the  metal  is  in  the  diarsenide  form,  chloanthite.  The  greater  part  of  the  silver 
is  in  the  native  form,  although  the  sulphide,  argentite,  the  sulph-antimonide,  pyrar- 
gyrite,  and  other  compounds  of  the  metal  are  found  in  the  deposits. 

Sample  from  Trethewey  Mine 

Through  the  courtesy  of  Mr.  W.  G.  Trethewey  the  Bureau  of  Mines  has  obtained 
a  sample,  for  preservation  in  its  collection,  of  the  richer  ore  from  his  vein  on  location 
J  B  7.  This  sample  weighs  79  lb.  (Fig.  5).  Drillings,  obtained  by  boring  into  the 
sample,  show  it  to  have  the  following  composition.  The  calcium  and  magnesium  car- 
bonate represent  the  veinstone.  The  cobalt  and  nickel  exist  as  arsenides  and  the  silver 
is  essentially  in  the  metallic  form.  Some  of  the  iron  shown  in  the  analysis  may  have 
come  from  the  drill. 

Per  cent. 

Silver    66.67 

Cobalt  2.15 

Nickel   41 

Iron  1.60 

Arsenic  7.03 

Antimony   9.67 

Sulphur  22 

Calcium   carbonate 6.72 

Magnesium  carbonate    1.23 

Insoluble    3.29 

The  value  of  the  silver  in  this  79-lb  sample,  at  64o.  an  ounce  Troy,  the  present 
market  price,  is  $491.55,  which  represents  an  increase  of  $40.39  in  value  since  the  sample 
was  purchased  by  the  Bureau  of  Mines. 
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White  Bloom 


Anooiated  with  the  cobalt  bloom  in  the  weathered  parte  of  the  La  Roee  and  other 
Tains  there  ia  a  white,  olay'like  material,  wbicb  resembles  in  form  the  moist  cobdt 
bloom.  The  writer  suspected  that  the  white  oolor  of  this  material  was  doe  to  the 
intermixture  of  the  green  nickel  arsenate,  annabergite,  sometimes  known  aa  nickd 
bloom,  with  the  pink  cobalt  bloom.     An  analyaiB  made  by  Hr.   Burrows  confirmed  this 


Fig.  a.     Slabs  of  silver  from  the  Trethewe;  Mine,  location  J.  B.  7.     Tbe  slab  stand- 
ing upright  by  the  hammer  is  the  79  pound  specimen  referred  to  in  the  text. 

opinion.  It  is  a  rather  interesting  occurrence.  In  pottery  the  blue  cobalt  oompoundi 
are  used  in  small  amounts  to  destroy  the  delicate  reddish  tinge  due  to  iron  in  tbe 
ware.    In  this  white  bloom  we  see  one  color  destroyed  by  another  in  nature. 

Nickel   oxide , 29.80 

Cobalt    oxide    .,.. ...  6.43 

Arsenic  pentoxide    38.31 

Lime .84 

Magnesia    1.12 

Iron    30 


Total  100.34 

Mr.  Burrows  says;  "In  eraporating  the  solution  of  the  metals  I  had  ft  very 
interesting  result.  The  solution  was  quite  concentrated,  and  on  cooling,  green  adonlar 
OTTstals  of  the  nickel  compound  separated  out,  while  the  solution  nbore  and  around 
them  was  quite  pink.  The  original  solution  before  tbe  orystalliaing  out  of  the  nickel 
.compound  was  quite  blue." 
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Mixed  Dark  Mineral 

There  is  a  mineral,  or  mixture  of  minerals,  of  fairly  common  occurrence  in  some 
of  the  narrow  stringers  which  run  off  from  the  La  Rose  vein  and  elsewhere.  Some  of 
this  was  sent  to  Mr.  Burrows  for  analysis.  He  has,  however,  not  been  able  to  get  a 
sample  which  he  considers  represents  a  single  mineral.  From  one  specimen  sent  to 
him  by  the  writer  he  obtained  the  following  percentages : 

Per  cent. 

SUver  57.40 

Sulphur    16.94 

Antimony   7 .92 

Iron  3 .88 

Arsenic .52 

Mr.  Burrows  afterwards  analysed  other  samples  but  with  unsatisfactory  results. 
For  instance,  he  found  the  following  percentages  of  silver:  47.24,  47.38,  64.29,  62.56, 
63.  He  also  proved  the  presence  of  lead  in  samples  examined  later.  In  one  case  he 
got  9  per  cent,  of  lead,  and  in  another  only  about  1.8.  He  found  these  samples  to 
show  considerable  free  silver,  which  no  doubt  accounts  for  the  varying  percentages  of 
this  metal,  and  that  the  mineral  did  not  look  the  same  in  all  parts,  some  of  it  being 
of  a  dull  lustre  and  other  parts  bright. 

Chloanthite 

A  sample  of  chloanthite,  in  nodular  form,  from  the  La  Rose  mine,  J  S  14,  was  found 
to  have  the  following  composition : 

Per  cent. 

Nickel  23.24 

Cobalt  4.11 

Silver   2.78 

Sulphur    2.18 

Arsenic  67 .  17 

Antimony  none 

Total  99.48 

Niccolite 

A  sample  from  the  La  Rose  mine,  consisting  essentially  of  niccolite,  was  found  to 
contain  5.02  02.  of  silver  to  the  ton,  and  nickel  26.64,  cobalt  6.16,  arsenic  45.64  per 
cent. 

Cobalt  Hill  Ore 

The  deposit  known  as  the  Cobalt  Hill  Vein,  in  the  northwest  corner  of  R  L  404, 
was  described  on  page  99  of  the  Thirteenth  Report  of  the  Bureau.  For  comparative 
purposes  it  will  be  well  to  again  refer  to  that  description.  The  workings  at  this  vein 
can  be  seen  from  the  railway  track  on  the  west  side  of  Cobalt  lake.  The  vein  was  one 
of  the  four  which  had  been  discovered  at  the  time  of  my  visit  to  the  district  in  Novem- 
ber, 1903.  The  ore  is  unique  in  that  unlike  that  of  the  other  important  veins  of  the 
area  it  does  not  carry  silver  in  paying  quantities,  the  values  being  in  cobalt,  nickel 
and  arsenic.  From  a  glance  at  the  plan  it  will  be  seen  that  the  strike  of  the  vein, 
northwest  and  southeast,  is  unlike  that  of  most  of  the  other  veins.  Moreover,  this 
vein  contains  little  oalcite  or  other  gangue.  It  is  believed  that  the  calcite,  which  is 
found  in.  considerable  quantity  in  the  other  veins,  is,  for  the  most  part,  later  in  age 
than  the  cobalt-nickel  minerals,  and  that  it  is  older  than  most  of  the  silver  at  least. 
The  silver  frequently  occupies  cracks  in  the  oalcite. 
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The  more  or  len  well  buided  alatr  grcQnvMM,  through  whioh  th«  Cobalt  Hill  rein 
cote  perpendicularly,  dipt  westward  towards  Cobalt  lake  at  an  angle  of  20  or  30  de- 
grees in  the  direction  in  which  the  vein  strikea.  The  rock  is  slightly  arched  orer  tht 
rein,  thus  producing  a  gentle  anticline,  which  pitches  towards  the  lake  (Fig.  6).  IV 
rein  is  at  a  height  of  100  feet  above  the  lake. 

At  the  points  where  it  was  originally  exposed,  the  vein  showed  a  width  of  14  iocbei 
of  masaire  ore,  and  vugs  two  feet  or  more  in  the  wall  rook  from  the  edge  of  the  rein 
contained  cobalt  bloom.  It  may  be  added  that  in  certain  of  the  other  reins  the  wall 
rock  is  impregnated  with  nstire  silTer,  which  is  found  even  in  the  centre  of  boolden 
of  granite  in  the  conglomerate. 


Fie.  6-  Cobnlt  HiH  v(iin,  nortliwest  corner  of  location  R.  L,  404.  The  photogrsph 
shows  the  fractured  character  of  the  rock  and  a  gentle  anticline.  The  vein  is  aeen  to  be 
in  step-like  forms  as  if  it  had  been  affected  by  horizontal  faults,  but  the  ore  is  not 
breccia ted. 

The  ore  has  a  rather  dark-gray  color.  When  closely  exaniiDed  it  is  seen  to  hf  ■ 
composed  of  a  grey  mineral,  which  is  chiefly  smaltite,  set  through  which  aro  grains  of  a 
reddish  mineral,  niccolite.  Smaltito  and  the  corresponding  arsenide  of  nickel,  chlosn- 
thite,  are  said  by  most  authors  to  pass  into  one  another  by  the  substitution  of  cobalt 
for  nickel  and  vice  versa.  Niccolit«,  in  the  analyses  quoted  by  Dana  and  others,  carries 
only  a  small  percentage  of  cobalt  and  iron,  while  smaltite  frequently  contains  a  con- 
siderable percentage  of  nickel  and  iron.  In  the  ore  under  consideration  the  cobalt  and 
nickel  iippear  to  be,  for  the  moat  part,  in  distinct  compounds.  In  the  analysis  (No. 
1)  if  we  consider  the  7  per  cent,  of  nickel  to  exist  aa  niccolite,  and  the  percentages  of 
iron  and  cobalt,  6.3  ai.d  16,8  respectively,  to  represent  smaltite,  the  theoretical  per- 
centage of  arsenic  in  the  ore  should  be  68.47  instead  of  69,  as  found  by  analysis.  The 
percentage  of  niccolite  by  weight  would  be  15.94,  or  about  one-seventh  part  of  the 
whole  by  volume,  since  niccolite  has  a  somewhat  higher  specific  gravity  than  nnaltite.) 
'  SpetLIlp  gravliio :  niccolite  T,M-7. 67,  nnaltile  6.4-E,B,  native  it  I  vet  10.1-11.1. 
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Specimens  of  this  ore,  when  examined  with  the  magnifying  glass,  appear  to  agree  with 
this. 


Constituent. 


Cobalt 
Nickel. 
Izon  ... 


Anenic 

Sulphur 

Inaol.  silica,  etc. 
Water 


} 


16.8 
7.0 
6.3 

69.0 

0.9 


16.7 
6.8 
7.5 

62.0 
7.0 


16.76 
6.24 


66.60 
3.37 


Totals 


100.0 


100.0 


19.80 
4.56 

} 

21.70 

6.20 

8.89 

60.30 

68.55 

4.09 

5.88 

2.40 

0.60 

2.00 

99.3ft 


100.12 


Of  the  above  analyses,  Nos.  1  and  2  were  made  by  Mr.  O.  S.  James.  The  former 
represents  a  hand  specimen  from  near  the  surface,  and  the  latter  a  specimen  from  a 
depth  of  about  20  feet;  3  and  4  are  of  average  samples  collected  by  the  writer,  the 
former  from  the  uppermost  opening  on  the  hill,  and  the  latter  from  the  middle  or 
main  opening,  the  analyst  being  Mr.  A.  G.  Burrows.  Sample  3  contained  considerable 
cobalt  bloom.  Analysis  6  is  by  Dr.  J.  Waddell.  It  represents  a  specimen  collected  by 
Prof.  Nicol.  This  specimen  was  not  taken,  like  3  and  4,  with  the  object  of  determin- 
ing the  average  composition  of  the  vein.  Prof.  Nicol  states  that  a  qualitative  analy- 
sis showed  the  presence  of  small  amounts  of  copper  and  lead,  and  the  absence  of  anti- 
mony, bismuth  and  zinc. 


Fig.  7.  Smaltite  crystals  from  the  Cobalt  Hill  vein,  measured  and  drawn  by  Prof.  William 
Nicol  of  the  Kingston  School  of  Mining.     C— cube,  P=octahedron,  d=r.  dodecahedron. 

Minute,  brilliant,  silver-white,  or  tin-white,  crystals,  occur  sparingly,  imbedded  in 
the  wait-rock  and  in  the  ore.  The  crystals  are  cubes  and  combinations  of  this  form, 
with  the  rhombic  dodacahedron,  and  octahedron.  Prof.  Nicol,  who  has  measured  some 
of  those  on  the  goniometer,  has  found  them  to  be  smaltite,  (Fig.  7).  The  white  or  gray 
colored  arsenides  show  a  tendency  to  form  globular  or  spheroidal  masses,  with  a  radiated 
structure.    Some  of  these  masses  in  calcite  have  a  diameter  of  over  half  an  inch. 

The  ore  is  at  times  somewhat  porous,  spaces  being  left  between  the  globules,  which 
are  tarnished  almost  black  on  their  surfaces.  Where  the  surface  of  the  ore  has  been 
exposed  to  the  action  of  water  and  ice,  it  has  a  dark  color  not  unlike  that  of  the  wall 
rock,  bloom,  the  product  of  decomposition,  having  been  carried  away.  The  fresh  oie 
is  coated  with  a  fraction  of  an  inch  of  the  dark  decomposed  material. 

Small  grains  of  quarts  are  found  sparingly  in  the  ore. 

The  proportion  of  nickel  to  cobalt  in  this  vein  is  less  than  that  in  the  La  Rose  vein, 
particularly. 
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Copper  pyrites,  with  which  is  asnally  associated  gray  copper  ore,  tetrahedrite,  is 
found  in  the  deposit.  Native  bismuth  is  also  of  frequent  occurrence. 

Tetrahedrlte 

Mr.  Burrows  found  a  specimen  of  the  tetrahedrite,  which  occur  massiye,  to  posseas 
the  following  composition: 

Per  cent. 

Copper  36.04 

Sulphur    22.86 

Antimony   21.86 

Zinc  8.14 

Iron  9.84 

Cobalt  none 

Nickel  none 

Lead   not  det . 


98.74 

Tetrahedrite  is  frequently  met  with  in  the  Trethewey  mine,  J  B  7.  Native  bismuth 
has  been  found  in  practically  all  the  veins  which  have  been  opened  up. 

Native  Bismuth 

Bismuth    99.20 

Cobalt  distinct  trace 

Nickel  trace 

Iron   .40 

Silver  trace 

Arsenic    trace 

Antimony  none 

Total  99.60 

This  analysis  represents  a  sample  from  the  Cobalt  Hill  vein. 

Veinlets  at  L^ke  Shore 

Two  veinlets  outcrop  near  the  water  level  on  the  east  side  of  Cobalt  lake,  not  far 
from  the  point  where  the  north  boundary  of  location  R  L  404  meets  the  shore.  A 
sample  was  taken  from  these  veinlets  and  was  found  to  have  the  following  composition, 
showing  that  it  is  much  like  the  massive  ore  of  the  vein  in  the  northwest  comer  of 
R  L  404: 

Per  cent. 

Cobalt   17.84 

Nickel   4.16 

Arsenic  56.10 

Sulphur    5.98 

Iron  9.22 

Insoluble 4.32 

Bismuth    No  indications 

Silver    *t 

Antimony    *« 

^^^^^   Not  determined 

Sample  shows  cobalt  bloom. 


1905  Notes  on  Minerals  23 


Mispickel  and  Cobaltite 

Mispickel  is  not  8o  common  in  the  deposits  as  one  might  expect  it  to  be.  In  some 
f  the  veins  on  what  is  known  as  the  Longwell  or  Denison  claim,  in  the  town  plot  of 
iobalt,  mispickel  seems  to  be  a  characteristic  mineral. 

(1)  (2)  (3) 

Iron    34.4  26.76  28.83 

Arsenic    46.  41.76  40.08 

Sulphur    19.6  17.63  19.26 

Cobalt 3.21  4.83 

Nickel .76  

Silver    306.1  oz.  per  ton. 

No.  1  analysis  shows  the  theoretical  composition  of  mispickel;  Nos.  2  and  3  are 
nalyses  of  mispickel  from  the  south  vein  (of  the  two  discovered  in  1904)  on  the  Long- 
'ell  location.  This  ore  occurs  in  the  Lower  Huronian  not  far  from  the  contact  with 
ie  Keewatin. 

In  connection  with  these  the  following  analyses,  Nos.  1  and  2,  of  samples  of  mis- 
ickel  from  the  Big  Dan  and  Little  Dan  claims  near  Temagami  will  be  of  interest. 

(1) 
Iron   29.68 

Arsenic  36.24 

Sulphur   18.99 

Insoluble   13.52 

Water 72 

Cobalt  

Nickel    

Total  99.90 

No.  1  represents  selected  particles  from  a  sample  taken  at  the  Little  Dan  claim. 
a  addition  to  the  components  shown,  the  sample  carried  $4.00  worth  of  gold  and  59 
3nts  worth  of  silver  per  ton.  No  2  represents  selected  particles  from  the  Big  Dan 
laim.  This  ore  showed  values  per  ton  of  $3.20  in  gold  and  54  cents  in  silver.  The 
eposits  are  in  the  Keewatin.  No.  3,  cobaltite  ore  from  the  Benn  mine,  carries  $5.20 
ton  in  gold,  page  25.  No.  4,  crystals  of  cobaltite  from  the  Oolambus  claim,  analysed 
Y  Mr.  J.  S.  De  Lury. 

Dyscrasite 

A'sample  of  the  dyscrasite  from  the  La  Rose  mine  was  found  by  Mr.  Burrows  to  have  on 
lalysis  the  formula  Ag^  Sb.  The  more  common  variety  of  this  material  in  other  districts  has 
le  formula  Ag,  Sb. 

Calcite 

A  sample  of  the  calcite  veinstone  from  the  Handy  mine,  which  lies  to  the  southwest 
F  the  foot  of  Cross  lake,  was  taken  by  the  writer  and  analyzed  by  Mr.  Burrows.  The 
^in  here  in  in  diabase.  The  calcite  as  shown  by  the  following  is  remarkably  pure.  The 
bsence  of  magnesia  in  calcite  is  rare. 

Per  cent. 

Lime   '. 55.72 

Magnesia    none 

Iron    and    alumina    .12 

Carbon  dioxide    43.74 

Insoluble   residue none 

Total  99.58 


(2) 

(3) 

(4) 

29.84 

not  det. 

4.65 

36.81 

41.65 

44.55 

18.77 

17.8 

20.73 

13.02 

not  det. 

.79 

not  det. 

32.42 

29.10 
.97 
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Other  saver  Ores  of  the  Reskn 

Whftt  has  been  kaown  for  yean  as  the  Wrigbt  Bilver  mine  ia  on  the  Quebec  ihore 
of  Lake  Temiskaming.  It  ia  distant  about  nine  miles  northeaatward  of  Cobalt  atatioD 
and  lies  about  eeven  miles  northward  of  the  village  of  Ville  Marie.  Some  of  the  rock 
here  is  conglomerate,  aMOciated  with  which  ia  porphyry.  The  latt«r  ia  similar  to  rock 
in  Minnesota  which  has  been  considered  to  be  of  doubtful  origin.  The  ore  body  li«4 
in  a  tone  of  fracture  which  penetrate*  both  of  the  rocka  mentioned.  Angular  frag- 
ments of  the»e  rocks,  sometimes  a  foot  or  more  in  diameter,  are  cemented  together  b; 
calcite  and  galena.  The  pure  galena  has  been  found  to  contain  from  18  to  34  oi.  of 
silver  to  the  ton  of  2,000  lbs.  Iron  pyritea  ia  found  in  small  quantities  associated  with 
the  galena,  and  is  thought  to  be  the  source  of  the  trace  of  gold  usually  prpsoni  in  tli« 


Fi:;.  s.  Tin-  \Vli:iif  iit  llailrylmry. 
Foiu-  ynirf.  una  the  writer  visited  this  mine  when  it  was  in  operation.  The  depti 
of  the  workings,  which  in  the  lower  levels  had  the  form  of  a  circular  chamber,  wu 
i-aid  to  be  about  200  feet.  Work  ceased  shortly  after  this  and  has  not  been  resumed. 
The  equipment  consists  of  a  concentrating  plant,  including  jigs,  tables  and  other 
[iiachincry.  There  is  olsii  a  small  smelter  on  the  grounds.  Considerable  capitil 
appears  to  hare  been  expended  in  experimenting.     Whether  the  deposit  could  be  worked 


rather  basii 

as  the  fracture  zmu-  now 

on-)  of  the  oldest  known 


proper  management  does  not  seem  to  have  been  proved.     The  c 
shipped  to  Europe. 

■   body   is   uni(|iii!.      An    outcrop   near   the   water's    level    together    with   the 
the  dump  aSord  an   ripportunity  of  learning   its  character.     Two  or  thne 
eon   near   the   workings.     These  are  probably  of   the  same  age 
occupied  by  the  ore  body.     The  location  of  thia  mineral  deposit, 
in  North  America,  is  shown  in   Fig.  2,  Ance  a  la  Mine. 


On  Lady  Evelyn  and  Cross  Lakes 
Silver-bearing  galena  is   found   at   Cross  lake,  which  lies  aoutheaat  of  Lake  Tems- 
gami,  and  at  Lady  Evelyn  Lake.     According  to  Dr.  Barlow  there  are  qnftrts  veina  on  tb* 
Matawapiki.   as  the   last   stretch  of   Lady   Evelyn   Lake,   before  reaching  the  Montreal 
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'er,  is  called.    These  quartz  reins  are  found  here  on  both  sides  of  the  lake,  and  occur 
the  contact  of  the  intrusive  diabase  and  the  banded  slate,  and  in  the  latter.     The 
nerals  are  galena,  copper  pyrites,  iron  pyrites,  and  zinc  blende. 

There  is  a  deposit  on  an  island  in  Cross  lake,  which  lies  immediately  east  of  the 
ith  arm  of  Temagami.  The  minerab  are  galena  and  copper  pyrites  in  calcite.  A 
mple  showed  the  following  values  per  ton;  gold  $2.00,  silver  $9.20,  copper  $4.20, 
id  $4.00,  or  a  total  of  $19.40. 

Galena  and  copper  pyrites  have  also  attracted  attention  in  the  vicinity  of  the 
anche  river,  especially  along  the  upper  part  of  the  north  branch. 

THE  COBALT-SILVER   VEIN5 

It  is  not  considered  necessary  to  give  a  detailed  description  of  each  vein  in  the 
ttrict,  the  character  of  one  being  usually  so  much  like  that  of  another.  The  distri- 
tion  and  strike  of  those  found  up  to  June,  1906,  are  shown  on  the  plan  which  accom- 
nies  this  report.  Many  veins  have  since  been  discovered,  especially  on  the  older 
>perties.     Scarcely  any  of  the  veins  have  been  stripped  for  their  full  length.     Most 

those  worked  have  been  developed  in  the  form  of  open  cuts.  The  vein  first 
covered  on  the  La  Rose  claim,  J  S  14,  on  which  several  others  have  since  been  found, 
s  been  developed  more  systematically  than  any  other  in  the  district.  A  shaft  has 
jn  sunk  and  about  250  feet  of  drifting  has  been  done  at  the  90  foot  level,  following 
5  vein  in  both  directions  from  the  shaft.     The  drifts  prove  that  the  vein  is  at  least 

large  and  rich  at  this  depth  as  it  has  ever  been.  In  the  260  feet  the  drifts  have 
38ed  through  comparatively  little  barren  ground.  Approximately  $1,000,000  worth 
ore  has  been  blocked  out  of  this  vein. 5  As  the  ore  body  here  is  probably  the  largest 
:  found  in  the  area  it  would  not  be  correct  to  infer  that  smaller  veins  can  be  followed 
persistently.  The  La  Rose  ore  differs  somewhat  from  that  of  the  other  veins  in  that 
contains  a  higher  percentage  of  niccolite,  the  nickel  averaging  about  10  per  cent. 

To  give  an  idea  of  the  character  of  the  ore  of  one  of  the  other  veins  it  may  be  said 
it  an  open  cut,  about  50  feet  long  and  26  feet  deep,  on  the  Trethewey  vein,  location 
B  7,  has  produced  approximately  $200,000  worth  of  ore,  the  maximum  width  of  the 
in  being  not  more  than  8  inches.  The  amount  received  for  one  car  load  of  30  tons 
ore  from  this  mine,  at  the  prices  for  the  contained  metals  mentioned  elsewhere  in 
8  report,  was  between  $75,000  and  $80,000.  A  shipment  of  50  tons  of  the  ore  gave  on 
alysis  approximately  the  following  percentages  of  metals :  — arsenic,  38 ;  cobalt,  12 ; 
;kel,  3.5;  and  190,000  ounces  of  silver.  Pay  was  received  for  cobalt  and  silver  only. 
Most  of  the  cobalt^silver  veins  occur  in  what  is  called  on  the  map  which  accom- 
nies  this  Report  the  Lower  Huronian.  A  few  have  been  found  in  the  diabase.  There 
no  reason,  so  far  as  the  writer  can  see,  why  the  veins  should  not  also  occur  in  the 
derlying  Keewatin  and  some  of  the  more  recently  discovered  ones,  near  the  centre 
location  R  L  404  appear  to  be  in  this  group.  The  Keewatin  greenstones  and  other 
iks  are  tougher  and  do  not  fracture  with  the  same  ease  as  the  overlying  series  of 
)  Lower  Huronian.  Hence  the  solutions  have  not  had  the  same  freedom  of  move- 
nt in  the  former  as  in  the  latter.  In  so  far  as  the  precipitation  efiPects  which  the 
:ks  of  either  series  may  have  on  solutions  working  through  fissures  in  them  there 
ms  to  be  little  difference  between  the  two.  Many  of  the  pebbles  and  boulders,  and 
ch  of  the  cement  material  in  the  Lower  Huronian  have  been  derived  from  the  under- 
ng  Keewatin.  Hence  one  would  think  they  would  have  about  the  same  influence  in 
)cipitating  substances  from  solution  as  the  rocks  of  the  latter  formation.  The 
tribution  of  the  Lower  Huronian,  as  will  be  seen  from  the  map,  is  irregular.  At 
3  time,  in  all  likelihood,  it  formed  a  complete  layer  or  mantle  over  the  uneven  surface 
the  older  rocks.  This  has  been  removed  to  a  considerable  extent  by  erosion,  leaving 
>  rocks  now  in  more  or  less  isolated  belts  and  patches. 


^  Over  400  feet  of  drifting  has  now  been  done  on  this  level,  and  the  shaft  has  been  sank  to  a  greater  depth, 
inze  is  sunk,  from  the  level,  100  feet  north  of  the  shaft. 
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The  more  important  reins  so  far  found  in  the  Low«r  HnronUkO  lie  in  what  ma;  b* 
called  three  parallel  belts.  Those  first  diaoorered  are  in  a  belt  wbioh  rnna  abont  par- 
allel witb  the  railway  in  the  Ticinity  of  Cobalt  lake.  A  small  belt  o(innect«  the  nortb- 
eastern  comer  of  Peterson  lake  with  the  northwest  oomer  of  Grose  lake.  A  third  belt 
stretches  from  Gironx  lake  to  the  soatheast  end  of  Cross  lake,  in  which  important 
deposits  occnr.  Althoagh  these  three  belts  bare  a  strike  approximately  in  a  northeast 
and  southwest  direction,  tbe  strike  of  the  reins  is  not  uniform,  as  will  be  seen  from 
the  plan.  Thoee  on  J  B  7,  J  B  6,  and  on  the  location  immediately  soutfawest  of  tb« 
latter  claim  strike  east  and  west.  The  reins  on  J  6  14  and  J  B  1  strike  approximately 
northeast  and  southwest,  while  that  in  the  northwest  comer  of  R  L  404  strikes  north- 
west and  soQtheast.  The  vein  in  the  southwest  oomer  of  this  location  strikes  east  and 
west,  which  is  the  direction  of  strike  of  tbe  majority  of  the  reins. 


None  of  the  r 


Dtmonriofu 
B  wide.    The  ore  in  the  Trethewey  rein  on  J  I 


,  for  instance, 
1  width  of  about  8  inches,  while  the  rein  in  the  northwest  comer  of 
R  L  404  has  14  inches  of  ore,  and  that  on  J  S  14  showed  aboat  18  inches.  Some  reiu 
which  hare  been  traced  100  feet,  or  orer,  areraga  not  more  than  cme  inch  in  width 
(Pigs.  1,  6,  9,  10). 

The  surface,  being  uneven  and  more  or  less  covered  with  loose  deposits  and  vith 
lixctftx  timber,  does  not  afford  an  opportunity  of  tracing  the  outcrops  of  the  reins  snj 


Fif!,  9.     A  ty]iiciil  ^iiver-culwlt  n-iii  <it>  J.  ]{.  (i.     Tlie  lieail  ot  the  hammer  Bhows  the  wiiUh. 

great  distance,   and   it   is  not  known  definitely   bow  long  most   of  the   outcrops  would 
prove  to  be  if  the  material  referred  to  were  removed  from  the  surface  of  the  solid 

It  is  also  impossible  to  give  much  definite  information  oonoerning  the  depths  to 
which  these  veins  will  reach.  As  already  said,  most  of  them  do  not  appesj"  to  cut 
through  tbe  older  Eeewatin  series  which  forms  an  uneren  surface  below  the  Lower 
Huronian.  In  the  vicinity  of  Cobalt  station  the  latter  rocks  are  found  on  hill-topi 
which  stand  about  500  feet  above  the  low  water  level  of  Temiskaming,  where  similar 
outcrops  are  found.  We  hare  reason  for  saying,  therefore,  that  the  Lower  Huraoiaii 
conglomerates  and  other  rocks  associated  with  them  may  in  some  plAoea  hare  a  thick- 
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n«aa  of  At  loMt  600  feet.     In  other  pluea  this  aeriea  ii  aDtirely  wanting,  outcrops  of 
the  older  Keewfttin  and  later  diabase  forming  the  anrface.  I 

The  depth  to  which  a  rein  ma;  reach  depends,  therefore,  on  whether  it  deeoend* 
into  an  old  ralley  of  the  older  rocka  or  whether  it  liea  above  a  former  hilltop.  No  one 
oan  tell  this,  of  course,  withont  diamond  drilling  or  sinking  a  shaft.  Eridence  of  the 
probable  thiokneas  of  the  Hnronian  or  Toin-bearing  formation  can,  bowerer,  be  deter- 
mined by  noting  the  ontorops  of  the  Keewatin  or  the  intrusire  diabases.  An  ezposare 
of  Keewatin  Bnrrounded  by  the  Lower  Huronian  represents  an  old  hilltop.  It  is  there- 
fore evident  that  a  vein  which  strikes  toward  this  outcrop  is  likel;  to  have  a  leas 
depth  near  the  oatcrop  than  some  distance  away  from  it.  Similarly,  if  a  diabase  dike 
or  mass  cuts  through  the  Lower  Huronian  in  a  vertical  direction  we  have  eridence  of  a 
greater  depth  in  an  adjacent  rein  than  if  the  diabase  cut  through  the  Hnronian  at  a 
lower  angle.  In  the  latter  case  the  vein  may  be  disconnected  or  cut  through  by  the 
diabase  at  no  great  depth  from  the  surface.  Examples  of  both  of  these  occurrences  can 
be  cited  in  the  field.  It  is  likely,  however,  that  in  some  cases,  at  least,  a  vein  passing 
downward  through  Lower  Huronian  conglomerate  or  slate  will  penetrate  sheets  or  sills 
of  diabase  which  it  may  encounter.  Similarly  veins  starting  at  the  surface  in  a  dia- 
base sheet  or  sill  will  likely  penetrate  underlying  conglomerate  or  slate,  judging  from 
what  we  know  of  the  veins  of  the  Port  Arthur  district,  where  the  diabase  bears  a  similar 
relation  to  the  fragmental  series. 


Fii-,  10,  Vein  shi.H-iti..  on  (he  vvall  of  a  pit  at  the  I.a  Roie  mine  November,  1904. 
The  width  of  the  vein  is  equal  to  the  space  between  the  head  of  the  hammer  and  the 
man's  hand  on  the  handle. 

Across  the  railway  track  from  the  La  Rose  vein,  and  only  a  short  distance  from 
it,  there  is  an  exposure  of  diabase.  This  diabase  dike,  however,  shows  a  vertical  face 
and  therefore  is  seen  not  to  aSect  the  vein.  The  diabase  in  some  parts  of  the  field  has 
a  laccolithio  or  sill-like  structure,  overlying  the  conglomerate  and  slate,  as  for  example 
on  the  western  edge  of  Diabase  Mount  east  of  Peterson  lake,  and  on  the  shores  of  this 
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and  Cross  Uke.  The  relationship  i 
lake  to  the  aorthnard.  The  sheet 
is  of  varying  tbickneu. 


I  aeeu  to  hotter  advantage  in  the  vicinity  of  Vend^ 
>r  sill  of  diabase  overlying  the  conglomerate  and  «UU 


Distribution  f4  Vehu 

The  veiuB  in  the  vicinity  of  Cohalt  lake  are  indicated  on  the  map  by  the  sign  — <,.  - 
the  direction  cf  the  line  indicating  their  strike.     Some  of  the  veins  in  the  other  two 

small  belts  which  were  mentioned  above  are  not  thns  indicated,  u  little  work  was  douB 
on  them  at  the  time  of  the  writer's  visit.  They  are  shown  on  the  plan  which  accompanies 
this  paper.  Smaltite,  associated  with  natiTc  bismuth  and  other  minerals,  has  been 
found  on  the  north  end  of  lot  15,  concession  1,  of  Bucke,  and  also  on  lots  not  far  frotn 
the  shore  of  lake  Temiakaming  in  the  second  concession  of  this  township.  Theee  art 
not  shown  on  the  plan.  Othor  proniisinR  reins  have  been  discovered,  but  they  hare 
not  been  oxamiiipd  by  the  writer. 

Ores  In  Diabase 

There   are  throe  or  four  exceptions  to  the  statement  that  the   veins   occur  in  the 
Lower   Huronian.      Near   the   northeast   corner  of   Cross  lake,    tor   instance,   jilrer   and 


Fig,  11.    The  hammer  ie 
Row  mine,  November,  19C4. 


IS  or  branches  of  a  vein  on  the  face  of  a  pit  at  the  la 


associated  metals  are  found  in  diabase  along  the  face  of  a  steep  cliff.  Thia  diabaas 
mass  is,  however,  overlain  in  the  vicinity  by  fragmental  rocks.  Lower  Hnronivn,  and  it 
is  probable  that  these  originally  contained  veins  which  have  been  wcwn  nrmy,  the  mate- 
rial 111  the  diabase  representing  the  downward  continuation  of  the  veins.  On  the  north 
end  of  lot  2  in  the  third  concession  of  the  township  of  Dymond  and  on  the  sooth  end  of 
the  lot  across  the  road  to  the  north,  cobalt  bloom  has  been  found  in  the  diabase.  Thii 
knoll  of  diabase  is,  however,  overlain  around  its  base  by  Lower  Hnronian  rocks,  which 
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have  at  one  time  undoubtedly  covered  the  whole  of  the  diabase  mass.  Here  too  it  is 
likely  that  veins  at  one  time  occurred  in  the  overlying  series  which  has  been  removed. 
Veins  were  afterwards  found  in  the  diabase  on  the  Handy  and  Jacobs  locations  in  the 
township  of  Coleman. 

On  lots  9  and  10  in  the  sixth  concession  of  the  township  of  Ingram,  30  miles  north 
of  Cobalt  station,  quarts  veinlets  in  diabase  contain  bloom  and  smaltite.  Considerable 
bloom  and  smaltite  have  also  been  found  in  Keewatin  greenstone  on  the  east  side  of 
Trout  lake  and  for  a  mile  eastward.  This  lake  lies  south  of  the  head  of  Bay  lake  on 
the  Montreal  river. 

Distribution  of  Ores 

A  peculiar  occurrence  of  cobalt  and  nickel  with  gold  was  discovered  in  1905  on 
Rabbit  lake,  east  of  Temagami  and  about  30  miles  south  of  Cobalt  station.  The 
outcrop  is  at  the  water's  edge  and  the  deposit  has  not  been  uncovered  back  from  the 
shore.  The  rocks  here  have  been  more  disturbed  and  are  much  more  highly  metamor- 
phosed than  are  those  in  the  vicinity  of  Cobalt  station.  They  appear,  however,  to 
belong  to  the  Lower  Huronian  conglomerate — greywack^  series.  The  ore  body,  about 
18  inches  wide,  is  in  a  zone  of  fracture.  Through  the  chlorite  schist  which  occupies 
this  disturbed  zone  is  a  reddish  felsitic  material,  which,  under  the  microscope,  is  seen 
to  belong  to  the  fragmental  series.  Veinlets  and  impregnations  of  a  gray  cobalt-nickel 
ore  occur  sparingly  in  both  the  chloritic  and  felsitic  material.  An  analysis  of  some 
of  the  more  highly  mineralized  material  gave  the  following  results: 

Per  cent. 

Arsenic    22.53 

Cobalt   8.76 

Nickel  6.56 

Gk)ld $8.80  a  ton. 

SUver  1.10    " 

This  unique  deposit  is  of  interest  since  it  shows  that  cobalt-nickel  ores  are  to  be 
looked  for  so  far  south  of  Cobalt  station.  The  Rabbit  lake  occurrence  is  about  the 
same  distance  south  of  Cobalt  station  as  those  of  the  township  of  Ingram  are  north  of 
it,  thus  showing  that  the  cobalt-nickel  ores  are  distributed  over  a  distance  of  at  least  60 
miles  in  a  north  and  south  direction. 

A  tract  of  country  75  miles  or  more  in  length,  stretching  from  the  vicinity  of  lake 
Temagami  northward  to  the  height  of  land  and  beyond,  contains  outcrops  similar  to 
those  which  are  shown  on  the  map  of  the  area  under  consideration.  As  our  map 
shows,  the  outcrops  form  a  patchwork-like  structure.  In  some  part  of  the  area  the 
conglomerate  outcrops  are  much  larger  than  they  are  in  others.  In  a  few  of  the  areas 
ahe  conglomerate  and  other  members  of  the  Lower  Huronian  have  been  practically  all 
removed  by  erosion,  leaving  the  surface  composed  of  the  Keewatin,  Laurentian  or 
later  diabase.  Areas  of  considerable  size  aie  ocupied  by  the  arkoso  and  quartzite  of 
what  we  have  called  the  Middle  Huronian.  in  which  no  veins  have  been  found.  In 
any  area  containing  conglomerate  and  graywack^-slato  of  the  Lower  Huronian,  it 
is  possible  that  cobalt-silver  veins,  similar  to  those  in  the  vicinity  of  Cobalt  station, 
may  be  discovered. 

ORES  OF  THE    KEEWATIN 

Associated  with  the  greenstones  or  schists  of  the  much  -^isturbt'd  Keewatin  are 
characteristic  ores. 

These  rocks  are  found  in  numerous  localities  in  northern  Ontario  between  the  west- 
ern boundary  of  Quebec  and  the  eastern  boundary  of  Manitoba.  In  many  places  they 
are  iron-bearing,  the  typical  iron  formation  being  composed  of  interbanded  magnetite 
or  hematite  with  jasper  or  some  other  closely  related  silicious  material. 
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These  outcrops  of  the  iron  formation,  or  iron  ranges  as  they  are  called,  hare 
attracted  the  attention  of  many  writers.  Some  of  the  most  important  of  them  are  the 
following :  those  of  lake  Temagami ;  that  in  the  township  of  Hutton ;  the  Michipicoten 
iron  range;  and  farther  west  the  Mattawin  and  the  Atikokan.  In  fact,  all  of  the  iron 
ranges  of  the  northern  part  of  the  Province,  with  the  exception  of  those  in  the  Animikie 
or  Upper  Huronian  series  in  the  vicinity  of  Port  Arthur,  and  the  titaniferous  iron  ores 
which  are  found  in  a  number  of  places,  belong  to  the  Keewatin.  There  are  two  or 
throe  interesting  occurrences  in  the  area  under  review  which  show  that  this  Keewatin 
iron  formation  has  at  one  time  been  well  developed  here.  Immediately  south  of  Sharp's 
Landing,  near  the  shore  of  Temiskaming,  there  is  an  outcrop  of  the  interbanded  material 
which  is  only  about  25  feet  in  length.  No  other  rocks  of  the  Keewatin  are  here  exposed, 
the  Lower  Huronian  being  distributed  over  the  rest  of  the  surface  in  the  locality.  The 
rocks  consist  of  conglomerate  and  greywack^  slate.  The  pebbles  in  theae  show  numeroas 
representatives  of  the  iron  formation. 

A  Burled  Iron  Range 

It  is  thus  seen  that  we  have  here  a  portion  of  a  buried  iron  range.  The  strike  of 
the  interbanded  material  in  the  exposure  is  somewhat  north  of  west.  In  the  ontcrops 
of  conglomerate  which  are  shown  on  the  map  in  the  township  of  Hudson  are  found 
large  blocks  of  this  iron  formation  in  the  direction  from  the  ontorop  at  SSiarp's  Land- 
ing represented  by  the  strike  of  the  interbanded  material  at  the  Landing.  We  have 
thus  good  evidence  that  the  iron  range  or  formation  lies  at  no  great  distance  from  the 
surface  in  this  part  of  Hudson.  Between  these  out<!rops  of  conglomerate  and  Sharp'i 
Landing  the  range  is  cut  through  by  diabase  and  it  is  overlain  by  Niagara  limestone  and 
recent  clay  deposits  in  addition  to  the  liower  Huronian.  This  iron  rang^  no  doubt 
extends  farther  west  than  Hudson.  It  has  been  covered  np  since  Lower  Hnronian 
times,  as  shown  by  the  fact  that  it  is  overlain  by  rocks  of  this  series,  and  haa  tiierefore 
not  been  subjected  to  glaciation,  which  is  supposed  to  have  produced  injnrioiu  effects 
on  the  iron  deposits  of  Ontario,  it  having  been  held  by  some  writers,  for  instance,  that 
the  soft  ores  in  these  deposits  have  been  gouged  out  and  carried  to  the  southward. 
Near  the  southwest  corner  of  Cross  lake  in  the  township  of  Coleman  there  is  a  small 
exposure  on  the  shore  which  also  carries  large  angular  blocks  of  the  iron  formation. 
There  is,  in  all  probability,  a  portion  of  a  buried  iron  range  in  this  vicinity.  Mnch  of  the 
conglomerate  in  various  parts  of  the  area  contains  jasper  pebbles  and  other  material 
derived  from  the  iron  formation. 

In  addition  to  the  iron  ranges  which  are  found  in  the  vicinity  of  lake  Temagami, 
!25  miles  to  the  south  of  Cobalt,  there  are  outcrops  of  similar  material  in  the  township 
of  Boston  to  the  northward.  The  outcrops  in  this  township  are  described  in  a  paper 
in  part  I  of  this  report. 

Iron  Pyrites 

The  iron  pyrites  deposits  of  this  part  of  Ontario  also  belong  to  the  Keewatin.  One 
of  these  is  shown  on  the  map  near  the  Montreal  river,  south  of  the  township  of  Colemsn. 
Others  have  been  worked  still  farther  to  the  southward  between  this  point  and  like 
Temagami.  Copper  pyrites  has  attracted  attention  at  numerous  places  in  this  series, 
but,  so  far  as  the  writer  knows,  no  large  deposits  of  this  mineral  have  as  yet  been  found. 

Arsenic 

Near  the  railway  track,  a  short  distance  north  of  lake  Temagami,  two  deposits  of 
auriferous  mispickel  are  being  worked  in  the  Keewatin.  These  are  known  as  the  "Big 
Dan"  and  "Little  Dan"  prospects,  respectively.  Mispickel  is  the  stilph-arsenide  of 
iron.  It  seems  strange  that  it  should  be  gold-bearing  while  26  miles  to  the  north  the 
arsenides  of  the  metals  cobalt  and  nickel,  which  are  closely  related  to  iron,  are  silver 
bearing.     Arsenic  occurs,  therefore,  in  this  district   in  considerable  abundance.     The 
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rnle  derived  from  the  deposits  already  worked  is  that  the  ores  af  this  metal  in  the 
Keew«tin  are  gold-bearing,  while  those  in  the  overlying  Lower  Huronian  are  silrer- 
bearing.  Why  this  should  be  the  case  is  difficult  to  esplain.  It  may  also  be  added  that 
the  pyrite,  especially  in  the  vicinity  of  lake  Temagami,  praotically  always  carries  some 
gold,  frequently  from  one  to  two  dollars  per  ton.  Gold  has,  however,  been  found  in 
Lower  Huronian  ore.  That  of  the  Benn  mine,  lot  15  in  the  first  concession  of  Bucke, 
showed  $5.20  to  the  ton  in  one  sample,  the  ore  being  cobaltite,  a  compound  related  to 
mispickel,  end  that  from  Rabbit  lake  is  also  gold-bearing.  The  presence  of  a  lulph- 
arsenide,  either  mispickel  or  cobaltite.  in  an  oje  from  this  district  is  an  indication  that 
the  ore  carries  more  or  less  gold. 


Fig.  i2-    Trethewey  rein  and  discovery  post,  J  B  7,  May,  1904. 

The  ores  of  Temagami  and  Cobalt  station,  both  being  rich  in  arsenic,  would  seem 
to  warrant  the  eretcion  of  an  arsenic  refining  plant  somewhere  along  the  railroad 
between  these  two  points.  In  so  far  as  the  writer  knows,  there  is  nvt  another  sit«  »■ 
promising  for  a  plant  of  this  character  in  North  America.     Water  power  is  available. 

Arsenic  is  marketed  in  the  form  known  as  'White  arsenic,"  As^  O,.  This  oxid« 
is  produced  by  roasting  various  minerals  containing  the  metal.  Theae  minerals  contain 
a  mnch  lower  percentage  of  arsenic  than  do  ores  from  most  of  the  Temiskaming  cobalt- 
ailver  deposits. 

Up  to  a  few  years  ago  the  only  arsenic  plant  in  North  America  was  that  at  Deloro, 
Hastings  county,  Ontario.  Here  the  ore  is  a  gold-bearing  mispickel,  similar  to  that 
ot  Temagami.  More  recently  an  arsenic  plant  has  been  erected  in  the  state  of  Wash- 
ington and  another  in  Virginia,     The  production  of  these  plants  is  not  large. 
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White  arsenic  contains  theoretically  75.8  per  cent,  of  arsenic  and  24.2  of  oxygen. 
One  pound  of  arsenic  in  an  ore,  if  roasted,  will  therefore  produce,  theoretically,  about 
one  and  one-quarter  pounds  of  white  arsenic. 

During  recent  years  white  arsenic  has  been  worth  about  $60.00  a  ton  or  three 
cents  a  pound.  In  the  year  1903  the  United  States  imported  $256,097  worth  of  white 
arsenic,  metallic  arsenic  and  arsenic  sulphide.  White  aresnic  was  quoted  at  over  $100 
a  ton  in  the  beginning  of  1906. 

The  greater  part  of  the  white  arsenic  produced  at  the  Deloro  works  was  oonBumed 
in  the  plate  glass  industry  of  the  United  States.  It  is  said  that  if  the  glass  manufac- 
turers were  assured  of  a  constant  supply  at  satisfactory  prices  they  would  use  white 
arsenic  in  place  of  the  oxide  of  antimony,  which  they  commonly  employ  as  aa  oaddinr. 

Other  uses  of  white  arsenic  are  in  Paris  green  and  yarious  paints,  in  sheep  dips, 
insecticides,  aniline  dye  works,  etc. 

An  instructive  paper,  by  Mr.  J.  Walter  Wells,  on  the  manufacture  and  uses  of 
arsenical  compounds  is  published  in  the  Eleventh  Report  of  this  Bureau,  pages  101  to 
122.  Papers  by  Messrs.  Kirkegaard  and  Wright  are  to  be  found  in  the  transactions  of 
the  Canadian  Mining  Institute,  vol.  2,  1897,  and  vol.  4,  1901-2. 

An  arsenic  plant  for  treating  the  ores  from  Cobalt  is  now  in  operation  at  Copper 
aiflF,  Ont. 

LIMESTONE 

It  will  be  seen  from  the  map  that  the  Niagara  limestone  froms  some  large  outcrops 
on  the  islands  and  in  the  vicinity  of  the  shore  near  the  northwest  comer  of  lake  Temis- 
kaming.  This  limestone  affords  stone  suitable  for  building  and  for  the  production  of 
lime,  and  on  this  account  should  be  of  considerable  value  in  the  years  to  come,  since 
limestone  is  a  somewhat  rare  material  in  most  of  this  northern  part  of  Ontario.  The 
district  to  the  west  and  north  is  being  rapidly  settled  and  will  soon  contain  a  large 
population  which  will  need  much  material  for  building  purposes.  The  following  is  an 
analysis  of  a  sample  of  limestone  taken  from  Farr's  quarry,  Haileybury :  •: — 

Per  cent. 

Insoluble    residue    1.60 

Ferric  oxide  and  alumina  .66 

Lime    29.50 

Magnesia    21.69 

Carbon  dioxide   46.84 

Sulphur   trioxide    .70 


100.89 
This  limestone  formation  extends  northward,  although  overlain  by  clay  and  similar 
deposits  in  many  places,  and  has  been  observed  by  the  writer  along  the  south  branch 
of  the  Blanche  river  below  what  is  known  as  the  Mountain  porta'ge. 

Considerable  attention  has  been  paid  to  the  limestone  area.  Sir  William  Logan 
having  first  described  it  years  ago.  It  has  been  shown  that  the  series  here  is  more 
closely  related  to  the  Niagara  of  Southern  Ontario  than  it  is  to  the  Niagara  areas  to 
the  north  and  west. 

CLAY 

A  couple  of  miles  northward  of  Cobalt  station  the  agricultural  region  of  this  part 
of  northern  Ontario  is  met  with.  The  soil  is  essentially  a  well  banded  clay  (Figs.  13,  14). 
Between  this  point  and  the  height  of  land,  or  watershed,  between  the  Hudson  Bay  and 
Ottawa  river  waters,  the  clay  does  not  form  a  continuous  mantle,  but  there  are  large 
areas  of  tillable  land  which  is  being  rapidly  settled.  Outcrops  of  solid  rock,  in  many 
cases  representing  hill  tops  which  project  through  the  clays,  are  seen.  North  of  the 
height  of  land,  however,  is  a  large  agricultural  area,  estimated  at  16,000,000  acres,  and 


known  as  the  "great,  clay  belt,"  in  which  exposures  of  solid  rock  are  few  in  number. 
The  clay  on  both  sides  of  the  height  of  land  is  pretty  uniform  in  character.  Following 
is  an  analysis  of  the  clay  in  a  cut  on  the  railway  between  Haileybury  and  New  Lis- 
keard.  It  will  be  seen  that  the  lime  and  magnesia  are  rather  high.  This  is  owing  to 
alternate  bands  containing  considerable  marl.     The  clay  effervesces  strongly  in  acid. 


**=:*<? 


^y^^'^^- 


Fig.  13.     Bedded  clay  in  railway  cut  between  Haileybury  and  Now  Liskeard. 

Per  cent. 

Silica    62.00 

Alumina 16.11 

Ferric  oiide 4.69 

Lime 8.28 

Magnesia   , 4.10 

Potash    1.74 

Soda  2.76 

Sulphur  trioside   .09 

Loss   on    ignition 9.64 

Total   99.39 

REGIONAL  DISTURBANCES 

From  the  geological  map  and  the  plan,  showing  the  distribution  of  the  reint,  which 
accompany  this  report,  it  wilt  be  seen  that  the  area  so  far  productire  can  be  covered  by 
a  rectangle  with  a  length  of  two  miles  and  a  half  in  a  north  and  south  direction  and  • 
width,  east  and  west,  somewhat  less. J  The  chief  producing  properties  in  the  north- 
western part  of  this  rectangle  surround  cobalt  lake  and  the  railway.  The  other  important 
group  lies  immediately  south  of  Qlen  and  Kerr  lakea  in  the  southeast  of  the  rectangle. 
It  will  be  seen  that  while  the  belts  of  the  fragmentary  rocks,  of  what  we  have  called 
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the  Lower  Hnronian,  strike  approximately  northeast  and  louthweet,  as  for  example 
the  Glen  and  Kerr  lake  belt,  the  majority  of  the  reinB  have  «  strike  different  from 
this.  It  would  also  appear  that  the  strike  of  the  Teins  in  thia  area  has  little  connection 
with  the  disturbance  or  disturbances  which  caused  the  great  majority  of  the  larger 
rirera  and  chains  of  lakes  in  the  distric^t  to  follow  one  or  other  of  two  well  defined 
directions. 

A  glance  at  a  general  map,  such  as  the  "Map  of  Part  of  the  District  of  Nipissing," 
published  bj  the  Department  of  Lands  and  Mines  of  Ontario,  will  convince  the  read«r 
that  the  system  of  water  oonraea  in  the  district  is  a  trulj  remarkable  one  (Fig.  15).  The 
Nipissing  and  Temiakaming  map  sheets  published  by  the  Geological  Surrey,  Ottawt, 
•how  the  system  to  hold  over  a  still  larger  district.  The  obiof  water  courses,  as  the 
maps  show,  follow  either  a  northeast  and  southwest,  or  a  northwest  and  southeast  direc- 
tictn.  While  both  of  these  courses  are  indicated  clearly  on  the  maps,  the  latter  is  the 
more  prominent. 


Fig.  9  enlarged. 


N.W.-S.E.  WntcT  System 

The  TemiBkaniiiig  and  Northern  Ontario  Railway,  recently  completed  to  the  head 
of  lake  Temiskjiniing  from  North  Bay  junction,  on  the  main  line  of  the  Canadian 
Pacific  railivay,  has  naturally  been  constructed  along  the  line  of  least  resistance,  or 
in  other  words,  it  has  been  built  for  the  most  part  along  a  line  of  depression  in  order 
to  avoid  costly  rock  cuts.  The  map  shows  that  this  road  practically  parallels,  running  in 
a,  northwesterly  direction,  the  Ottawa  river  and  lake  Temiskaming  for  the  first  90  miles 
or  more  of  its  course,  to  the  crossing  of  the  Montreal  river  at  Latchford  station,  the 
railway  being  15  or  20  miles  to  the  westward  of  the  Ottawa.  At  Latchford  the  railway 
tnms  northeastward  and  runs  for  12  or  14  miles,  parallel  with  the  second  great  syst«m  of 
water  courses,  to  Hailoybury  on  lake  Temiskaming.  The  direction  followed  by  the  railway 
for  the  first  90  miles  of  ita  course  proves  that  there  is  a  line  of  depression  here,  parallel 
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with  the  Ottawa  river  and  lake  Temiskaming  although  it  b  not  indicated   by  water 
courses  on  the  map  along  the  greater  part  of  the  route. 

Continuing  northwestward  from  Wabi  bay,  the  northwest  corner  of  lake  Temis- 
kaming, and  in  line  with  the  direction  followed  by  the  main  body  of  this  lake  and  the 
Ottawa  river  for  about  76  miles,  there  is  a  water  course.  Wabi  creek,  which  flows 
southeast  for  about  15  miles.  In  line  northwestward  from  this  point  on  Wabi  creek 
the  map  of  Nipissing  does  not  show  any  prominent  water  course  in  a  direction  north- 
west and  southeast  for  about  15  miles,  although  two  branches  of  the  Blanche  river 
cross  this  space  on  the  map  in  a  direction  northeast  and  southwest,  parallel  with  the 
other  great  system  of  water  courses.  Ffteen  miles  in  line  northwestward  of  that  part 
of  Wabi  creek  referred  to,  the  lake  Temiskaming-Ottawa  river  line  is  continued  north- 
westward by  what  is  here  known  as  the  south  branch  of  the  Blanche  river.  For  15  miles 
northwestward  here  the  river  is  represented  by  lake  expanses.  Long  and  Kenogami 
lakes,  and  for  15  miles  above  the  upper  of  these  lakes,  the  river  is  ascended  in  a  north- 
west direction  to  the  limits  of  the  map  of  Nipissing,  to  which  reference  has  been  made. 

The  length  of  the  line  followed  northwestward  from  Mattawa  by  the  series  of 
water  courses  mentioned — Ottawa  river,  lake  Temiskaming,  Wabi  creek,  Long  and 
Kenogami  lakes  and  the  upper  part  of  the  south  branch  of  the  Blanche  river — is 
approximately  135  miles. 

It  will  be  seen,  however,  that  there  is  a  bend  in  lake  Temiskaming  near  the  point 
where  the  Montreal  river  enters  it.  The  lower  part  of  the  lake  and  Ottawa  river  are 
therefore  more  in  line  with  the  Montreal  river  than  with  Wabi  creek. 

The  Blanche  river  enters  the  northeastern  expansion  of  lake  Temiskaming  and 
the  main  stream  and  Round  lake  branch  of  this  river  follow  a  northwest  line  for  a  dis- 
tance of  35  or  40  miles.  This  northwest  axis  of  the  Blanche  lies  parallel  with  the  Wabi 
creek-lake  Temiskaming  axis,  and  9  or  10  miles  to  the  northeast  of  it. 

A  third  water  course  which  shows  a  striking  parallelism  to  the  two  described   is 

that  of  the  Montreal  river,  which  lies  10  or  11  miles  southwest  of  the  northwest  axis 

of  the  Ottawa  river.     From  the  railway  crossing  at  Latchford  station  northwestward 

through  Bay  lake    and    the    townships    of    Auld,    Barber,   James,   to  the    edge  of  the 

Nipissing  map,  the  line  of  the  river  holds  its  northwestward  course  for  over  50  miles. 

Southeastward  from  Latchford  station  the   line  of  weakness,  if   we  can  so  call   it,    is 

continued  through  Straight,  Johnny  and  Rib  lakes  for  9  or  10  miles.     It  will  be  seen 

that  in  the  township  of  Barber  and  immediately  below  Latchford  station,  for  example, 

the  river  changes  its  course  for  3  or  4  miles,  here  following  the  direction  of  the  other 

Sreat  system  of  water  courses,  that  is  the  northeast  and  southwest  one,  but  it  gets  back 

«kgain  into  its  normal  northwest  and  southeast  course. 

Immediately  east  of  the  Cobalt-Silver  area  there  is  a  chain  of  small  lakes — Gross 
lirk,  Chown^and  Goodwin — with  connecting  streams,   which  follows  a  clearly  defined 
.orthwest  and  southeast  direction,  parallel  with  the  shore  of  Temiskaming,  distant  3 
iles  to  the  eastward. 


N.E.— S.W,  System 

The  water  courses  and  lake  axes  which  lie  in  a  northeast  and  southwest  line  are 

not  so  prominent  on  the  map  as  are  the  northwest-southeast  ones  just  described;  still 

tAey  form  a  not  indistinct  system,  and,  as  indicated  by  fig.  16,  they  seem  to  have  an 

"^"^Portant,  but  as  yet  little  understood,  relationship  to  the  cobalt  deposits  of  not  only 

^^^^It  proper  but  of  those  of  Rabbit  lake  30  miles  to  the  south  and  of  Wendigo  lake 

^P    iniles  to  the  north.     If  a   line  be    drawn    on    the   map  from  near  the  mouth  of  the 

^'^ixise  river,    at  the    northeast    extremity    of    lake    Temiskaming,   southwestward  to 

^^^^^hford  station   on  the  Montreal  river,  a  distance  of  22  or  23  miles,   and  beyond, 
it   —  —  -  ----- 


ill  be  seen  that  it  follows  the  main  axis  of  the  large  northeast  bay  of  lake  Temis- 
I    1^    ^^^*  *°^  *^**  *^®  longer  axis  of  Cobalt  lake  lies  parallel  to  it.    Several  other  small 
^^ — Short,  Pickerel  and  Bass — lie  approximately  on  this  line,  as  does  also  that  part 
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of  the  Montreal  river  between  Latchford  station  and  the  Sandy  portage.  Farther 
southward  it  will  be  seen  that  one  long  narrow  arm  of  lake  Temagami  and  adjacent 
bodies  of  water  follow  a  northeast  and  sonthwest  line  for  oyer  20  miles.  Rabbit  lake, 
east  of  Temagami,  has  one  arm  6  or  6  miles  in  length  running  in  the  same  direction 
and  another  whose  axis  follows  a  northwest-southeast  line.  The  two  arms  of  Obabiks 
lake,  to  the  west  of  Temagami,  show  a  similar  relationship,  one  to  the  other. 

The  most  striking  water  course  following  a  northeast-southwest  line  is,  however, 
the  northeast  or  what  is  sometimes  called  the  Abitibi  branch  of  the  Blanche  rirer. 
There  is  a  string  of  eleven  lakes  here  between  Windigo  lake,  north  of  the  township  of 
Ingram,  and  the  Quebec  boundary,  a  distance  of  16  miles.  To  the  southwestward  in 
the  townships  of  Armstrong  and  Henwood  the  south  branch  of  the  Blanche  follows 
about  the  same  direction.  Otter  and  Wright  creeks  which  run  from  the  Quebec  boundarj 
into  the  Blanche  river,  between  the  head  of  Temiskaming  and  Tomstown,  flow  in  a 
southwest  direction. 

At  points  where  the  two  systems  of  water  courses  join  a  number  of  striking  V-like 
turns  are  shown  in  lakes  and  rivers,  as  for  example,  those  formed  by  (1)  the  two  anna 
of  Rabbit  lake,  (2)  the  northeast  arm  of  Temagami  with  the  main  body  of  the  lake,  (3) 
the  turns  in  the  Montreal  river  at  Latchford  station  and  at  the  Sandy  portaKe,  (4)  the 
longer  axis  of  Wabi  bay  with  that  of  Paulson's  bay  at  the  head  of  lake  Temiskaming. 
The  angles  thus  formed  appear  to  be  slightly  less  than  a  right  angle  and  the  V  in  all 
but  one  of  the  cases  mentioned  points  southward.  The  axes  of  the  two  arma  of  Obt- 
bika  lake  form  an  angle  greater  than  a  right  angle,  which  points  eastward. 

Considering  the  great  variety  of  rooks  cut  through  by  the  water  ooaraea  of  the 
two  systems,  the  regularity  of  their  courses  over  Boefa  a  large  district  is  remarkable.  A 
few  lakes  and  streams  have  their  longer  axis  lying  in  a  north  and  south  or  in  an  east 
and  west  direction,  but  they  do  not  form  a  system  comparable  to  either  of  the  other 
two. 

Origin  of  tlie  Systems 

Concerning  the  origin  of  the  two  great  systems  of  water  courses  little  c&n  be  said 
at  present.  It  is  impossible  to  say  whether  the  courses  follow  fault  lines  or  simply 
folds.  They  are  doubtless  due  to  regional  disturbance  in  post-Middle  Huronian  times. 
Much  of  the  surface  of  the  country  is  covered  by  recent  and  glacial  deposits,  and  the 
rocks  where  exposed  present  such  a  complex  of  igneous  and  metamorphosed  fragments! 
material,  with  minor  faults  and  folds,  that  it  will  be  difficult  to  prove  the  existence  ot 
what  may  be  called  regional  faults  or  folds. 

At  Cobalt  lake,  which  has  its  longer  axis  parallel  with  one  of  these  regional  axes, 
if  wo  may  so  call  them,  the  beds  of  the  Lower  Huronian  greywack^-slate  and  conglomerate 
dip  towards  the  lake,  as  shown  at  the  veins  on  location  J  B  6  and  on  Cobalt  hill, 
location  R  L  404.  The  lake,  judging  from  the  dip  of  these  rocks,  occupies  the  axil 
of  a  syncline.  The  hills  where  the  dip  was  observed  lie  at  an  elevation,  on  both  locations, 
of  about  100  feet  above  the  railway  track  at  Cobalt  station.  At  the  powder  house 
vein,  however,  on  location  J  S  14,  near  the  foot  of  Cobalt  lake,  the  slate  is  seen 
to  be  practically  horizontal.  The  vein  here  referred  to  is  at  the  base  of  a  cliff,  which 
rises  to  a  height  similar  to  that  of  the  hills  across  the  railway  track  to  the  westward 
on  the  southern  part  of  R  h  400.  In  the  former  case,  the  hill  is  composed  entirely 
of  the  greywacke-slate.  while  on  R  L  400  the  rock  is  conglomerate  of  the  same  series. 
It  would  thus  appear  that  the  railway  here  follows  approximately  a  line  of  fault,  espec- 
ially as  the  main  shaft  on  J  S  14  penetrates  conglomerate,  similar  to  that  in  the  hills 
on  R  L  400,  at  a  depth  from  the  surface  of  80  feet.  There  may  thus,  be  a  fault  here 
parallel  with  the  main  axis  of  the  synclinal  fold  and  Cobalt  lake.  The  strike  of  the 
main  vein  of  the  La  Rose  mine,  J  S  14,  near  the  foot  of  Cobalt  lake  and  that  of  the 
McKinley  and  Darragh  vein  at  the  head  of  the  lake  are  approximately  parallel  with 
the  main  axis  of  the  lake.     The  outcrop  of  diabase  across  the  railway  track  opposite 
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th«  La  Rose  Tein  appears  to  be  in  the  form  of  a  dike,  as  does  abo  the  diabase  near  the 
UcKinte;  and  Darragb  vein.  These  diabase  ontcropH  seem  to  indicate  a  line  of  weak- 
nesa  parallel  with  the  lake  and  the  railway. 

CHARACTER  AND  STRIKE  OF  VEINS 

The  accompanying  plan  of  the  veina,  prepared  by  Mr.  W.  A.  BegSi  Hhows  that  the 
strike  of  few  of  them  conforms  to  the  directions  or  lines  of  weakness  followed  by  either 
at  the  two  great  systema  of  water  courses,  which  have  been  described.  It  would  appear 
that  there  is  more  uniformity  in  strike  among  the  veins  which  lie  to  the  westward  of 
Cobalt  lake  than  in  any  other  part  of  the  area.  The  vein  on  which  the  Tretbewej 
mine  is  situated  has  a  strike  of  about  N.  85°  W.  A  narrow  stringer  immediately  north 
of  thia  has  a  similar  strike,  as  have  also  the  seven  veins  on  J  B  6.  On  the  Denison 
loration,   immediately   southwest  of  J    B   6,  two  narrow  veins  have  a  strike  similar  to 


Fie  16.  Columnar  jointing  perpendicular  to  the  planes  of  heddinc  in  cirpvirnck^- 
■l»te.  The  structure  is  due  to  the  ofFects  of  intrusive  diabase  on  the  elate.  A  section 
of  a  small  column  is  on  top  of  the  larger  one.     Lot  15  in  the  first  concession  of  Bucke. 

tb&t  mentioned,  as  has  also  the  vein  workeid  on  the  claim  to  the  southwest  of  Denison's  - 
The  strike  of  these  veins,  on  J  B  6  at  least,  is  parallel  with  the  dip  of  the  enclosing 
rocks.  The  dip  can  be  determined  here  in  but  few  places.  On  J  B  6  at  one  point 
it  was  seen  to  be  about  20°  to  the  eastward.     (See  Sketch  Map,  page  10). 

"It  is  not  always  possible,  in  a  shattered  rock,  to  discriminate  between  joints  and 
those  lines  of  division  to  which  the  term  fissure  is  more  usually  restricted.  Many  so 
called  fissures  may  be  merely  enlarged  joints."*  This  holds  true  in  the  cobalt-silver  area. 
While  the  openings  occupied  by  some  veins,  or  part  of  a  vein,  can  be  called  fissures, 
there  are  many  more  to  which  the  writer  is  inclined  to  apply  the  term  joint.  The 
openings  in  the  greywacke  and  conglomerate  are  in  many  cases  connected  with  columnar 
•  Qelkle.  Ten  Book  ol  Geology,  p.  IM, 
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jointing  in  these  rocks.  A  yein  may  occupy  a  distinct  fissure-like  opening  for  some 
distance,  then  it  may  split  up,  the  stringers  thus  formed  running  around  columns  out  of 
the  former  course  of  the  vein  and  coming  back  some  feet  ahead  into  the  line  fint 
followed.  The  columnar  jointing  is  well  shown  in  the  rock  cut  along  the  railway  a 
short  distance  south  of  Cobalt  station.  Several  of  the  trenches,  20  feet  or  more  in 
depth,  from  which  ore  has  been  extracted,  illustrate  the  same  phenomenon. 

The  well  banded  greywack^late  on  the  north  part  of  lot  15  in  the  first  concession 
of  Bucke,  has  this  columnar  structure  very  perfectly  developed  in  it  (Fig.  11).  The 
columns  here  have  a  much  smaller  diameter  than  those  just  mentioned.  They  are 
developed  at  right  angles  to  the  bedding  of  the  slate  which  is  almost  flat-lying,  and 
they  are  nearly  as  perfect  in  form  as  those  sometimes  found  in  basalt.  On  this  lot  in 
Bucke  the  columns  are  developed  at  the  contact  of  the  slate  with  intrusive  diabase. 
That  columnar  structure  of  this  kind  is  not  uncommon  in  fragmental  rocks  is  seen  from 
the  following  statement:  ''Contact  with  eruptive  rocks  has  frequently  produced  a 
prismatic  structure  in  the  contiguous  masses.  Conspicuous  illustrations  of  this  change 
are  displayed  in  sandstones  through  which  dykes  have  risen.  Independently  of  the 
lines  of  stratification,  polygonal  prisms,  six  inches  or  more  in  diameter,  and  several 
feet  in  length,  starting  from  the  face  of  the  dyke,  have  been  developed  in  the  sand- 
stone."? 

Whether  we  call  the  openings  occupied  by  the  cobalt-silver  veins  and  stringers 
fissures  or  joints,  it  seems  likely  that  they  have  been  produced  by  the  diabase  which 
intruded  the  Lower  Huronian  rocks  in  which  the  veins  are  found.  The  diabase  formed 
sheets  or  sills,  in  many  cases,  which  appear  to  have  had  a  great  horizontal  expansion. 
Owing  to  denudation,  diabase  outliers  are  now  found  at  many  points  overlying  the 
older  fragmental  rocks.  The  sills  here  appear  to  be  comparable  with  those  in  the 
vicinity  of  Port  Arthur,  on  the  north  shore  of  Lake  Superior.  As  previously  shown,  a 
few  cobalt-silver  veins  have  been  found  in  the  diabase.  Silver  veins  in  the  Port  Arthur 
area  also  cut  both  the  Huronian  and  diabase,  many  of  them  passing  from  one  rock  into 
the  other    (Pig.  17). 

METAMORPHISM  OF   SILVER  AREA 

As  already  shown,  there  is  a  similar  assemblage  of  rocks,  to  that  surrounding  Cobalt 
station,  over  an  area  which  is  at  least  76  miles  in  length  from  north  to  south.  The 
question  then  arises  as  to  why  deposits  as  rich  in  silver  as  those  near  Cobalt  have  not 
been  found  here  and  there  all  over  this  large  area.  The  only  answer  to  this  question 
which  the  writer  can  give  at  the  present  time  is  that  the  rocks  in  the  vicinity  of  Cobalt 
station  appear  to  have  been  less  disturbed  and  less  highly  metamorphosed  by  the  regional 
disturbances  than  have  those  in  the  surrounding  areas.  Por  instance,  while  much 
of  the  Lower  Huronian  in  the  productive  area  lies  in  horizontal  beds  or  in  those 
which  dip  at  a  low  angle,  similar  rocks  a  few  miles  north,  near  Sharp's  Landing,  dip 
at  angles  of  60°  or  more.  In  the  vicinity  of  Temagami  and  Rabbit  lakes  to  the  south- 
ward similar  rocks  have  been  rendered  schistose.  South  of  Wendigo  lake,  30  miles  to 
the  north  of  Cobalt  station,  the  conglomerate  and  greywack^-slate,  while  frequently  lying 
almost  horizontally,  appear  to  have  been  baked  and  hardened  much  more  than  those  in 
the  productive  area.  Quartz  stringers  appear  to  be  characteristic  of  tjie  more  dis- 
turbed areas. 

It  would  appear  then  that  the  rocks  in  the  productive  area  had  escaped  the  greater 
disturbances  and  metamorphism  to  which  those  in  surrounding  areas  have  been  sub- 
jected. This  left  them  in  the  right  physical  condition  to  be  readily  jointed  and  fis- 
sured by  the  contraction  of  the  diabase.  After  the  deposition  of  the  cobalt-nickel 
arsenides,  which  seem  to  be  among  the  first  minerals  deposited,  the  veins  appear  to  have 
been  slightly  disturbed,  giving  rise  to  cracks  and  openings  in  which  the  silver  and  later 
minerals  were  deposited.  Veins  which  escaped  this  later,  slight  disturbance  contain 
little  or  no  silver. 

'  Gelkle.  Text-Book  of  Geolojfv.  p.  769.  ~ 
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There  may  be  other  differences  between  the  productive  Bre«  and  thou  which  sur- 
round it.  IntruBionB  of  rocks  later  in  age  than  the  diabase  and  gabbro  may  hare  plajed 
aome  part  in  tb«  formation  of  the  ores.  Only  one  SQch  intrusion  hat  been  obserred 
in  the  field.  This  is  the  Gross  lake  basalt,  referred  to  on  another  page.  It  is  very 
difficult,  in  most  cases,  to  distinguish  these  baaic  rocks  of  different  periods  of  eruption. 
Keewatin  diabases  may  be  mistaken  for  those  of  lat«r  age,  and  vice  vena. 


97».*tt.  mtuvt  hah*  Suit> 


t'ig.  17.  Si'tjtiuii  thruugh  Mt.  McKuy  near  t'urt  Williuui,  Uiit.  Tlie  trapjierc  bears  a 
similar  relatioDship  to  the  slaty  Mriea  to  that  which  it  ha«  in  the  Cobalt  area.':  Some  silver 
veine  in  tlie  Port  Arthur  area  eut  both  the  trap  and  alate.     (After  I>r.  A.  C.  Iawgou.) 


THE  ROCKS  OF  THE  AREA 

Owing  to  the  fact  that  the  surface  is  corered  with  green  timber  and  there  is  mnch 
drift  material,  contacts  and  good  exposures  are  difficult  to  find  in  places.  Facilities 
for  mapping  will  be  mach  better  in  a  couple  of  years,  as  mining  progresses  and  the 
timber  is  removed. 

From  the  colored  map  which  accompanies  this  Report  it  will  be  seen  that  there  is 

a  considerable  variety  in  the  pre-Cambrian  series.    The  Niagara  of  the  Silnrian  system 

-  also  ahowB  prominent  outcrops.     Between  the  Niagara  and  the  Pleistocene  or  glacial 

there  are  do  formations  represented  in  the  district.    The  pre-Cambrian  has  been  eepar- 
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ated  into  the  following  series  by  the  writer.  It  is  possible,  however,  that  unconfonni- 
ties  exist  which  have  not  been  located  as  yet.  It  may  be  said  that  there  is  some  indica- 
tion of  an  older,  unclassified  fragmental  or  Huronian  series  in  the  district.  If  this  can 
be  isolated  our  Lower  will  become  Middle,  and  our  Middle  will  be  classified  as  Upper 
Huronian. 

In  mapping  the  area  I  had  the  valuable  assistance  of  Messrs.  Cyril  W.  Knight  and 
R.  Anson-Cartwright.  The  mapping  of  some  parts  of  the  field  is  entirely  the  work  of 
these  gentlemen. 

Keewntin  and  Laurentian :  The  oldest  series  in  the  district  consists  of  an  igneous 
complex  which  contains  diabases,  and  related  rooks  of  different  periods  of  eruption, 
together  with  granite-porphyry  and  other  igneous  material.  Sediments  are  represented 
by  the  jasper-iron  ores.  The  basic  rocks  or  greenstones  occur  in  much  larger  volume 
thnn  do  those  of  a  more  acid  character.  The  name  Keewatin  is  applied  to  this  series, 
it  has  been  subjected  to  folding  and  other  disturbances,  and  is  cut  through  by  mediam 
to  coarse-grained  granite,  especially  in  the  township  of  Lorrain,  to  which  the  name 
Laurentian  is  applied.  The  Keewatin  rocks,  however,  have  been  folded  before  the 
intrusion  of  the  Laurentian. 

Huronian :  After  the  Laurentian  intrusion  the  surface  was  subjected  to  erosion, 
and  these  rocks,  together  with  the  Keewatin,  were  worn  down.  This  period  of  erosion 
was  a  long  one,  and  the  surface  was  rendered  very  uneven,  being  cut  into  hills  and 
valleys  somewhat  like  those  of  the  present  surface.  The  oldest  fragmental  material 
which  lies  directly  on  the  eroded  Keewatin  and  Laurentian  surface  consists  of  conglom- 
erates, greywack^slate  and  impure  quartzites.  These  rocks  contain  fragments  of  the 
granite,  greenstone  and  other  representatives  of  the  older  series,  and  their  relation- 
ship to  the  latter  is  quite  easily  proved  by  contacts  in  a  number  of  localities.  Thii 
older,  or,  as  it  is  called  on  the  map,  Lower  Huronian,  is  of  special  interest  since  it 
contains  most  of  the  cobalt-silver  veins. 

The  association  of  the  members  of  the  Lower  Huronian  is  somewhat  variable. 
There  is  usually  a  little  coarser  material,  conglomerate,  at  ths  base.  This  is  frequently 
followed  by  a  considerable  thickness  of  well  banded  greywack^late.  The  slate  in  many 
cases  passes  gradually  upwards  into  a  feldspathic  or  impure  quartsite  which  is  succeeded 
by  a  coarse  conglomerate.  The  greater  part  of  the  conglomerate  is  undoubtedly  younger 
than  the  more  slaty  members.  The  relationship  of  these  members  of  the  Lower  Huronian 
is  well  seen  in  the  Little  Silver  vein  cliff  in  the  southwest  corner  of  R  L  404  (Frontis- 
piece). 

The  veins  cut  through  all  these  series,  but  the  most  productive  parts  of  the  veins 
are  usually  in  the  rocks  which  contain  more  or  less  coarse  fragments.  It  is  believed 
that  the  fissures  now  occupied  by  these  veins  were  produced  at  the  time  of  the  eruption 
of  the  younger  diabases  and  gabbros  which  will  be  referred  to  again. 

This  Lower  Huronian  series  has  at  one  time  had  a  greater  thickness  than  it  has 
at  present.  Being  laid  down  on  an  uneven  surface,  it  is  impossible  to  say  what  the 
thickness  of  the  series  is  at  any  one  point;  it  may  be  a  few  feet  or  it  may  be  a  few 
hundred  feet.  In  some  places  it  is  entirely  absent,  the  older  series  or  floor  on  which 
the  Lower  Huronian  is  laid  being  exposed  at  the  surface.  The  hills  near  Cobalt  station, 
however,  where  these  conglomerates  and  other  members  of  the  series  outcrop,  are  600 
feet  above  the  water  level  at  the  shore  of  lake  Temiskaming,  where  similar  outcrops 
are  found.  It  would  thus  seem  that  the  Lower  Huronian  may  in  some  cases  have  s 
thickness  of  at  least  500  feet. 

Middle  Huronian :  The  series  of  arkoses,  or  what  have  been  called  by  some  writers 
sea-green  quartzites,  together  with  conglomerates  and  quartzites  of  the  township  of 
Lorrain,  form  another  series  in  the  Huronian,  the  present  writer  having  found  that 
they  are  unconformable  to  the  Lower  Huronian.  This  series  in  the  eastern  part  of  the 
area  has  been  derived  chiefly  from  the  erosion  of  the  Lorrain  granite,  and  much  of  the 
area,  between  Chown  and  Goodwin  lakes  on  the  west  and  Paradis  bay  on  the  east,  con- 
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tains  small  patches  and  outliers  of  this  series.  It  is  impossible  to  represent  these  on 
the  map,  the  passage  from  granite  into  the  decomposition  products  being  so  gradual. 
On  lot  4,  in  the  twelfth  concession  of  Lorrain,  a  striking  contact  between  the  Lower 
Huronian  and  Middle  Huronian  is  seen,  fragments  of  slate  of  the  former  being  cemented 
in  the  arkose  of  the  latter.    Fig.  22  shows  a  specimen  from  this  contact. 

On  the  eastern  shore  of  Temiskaming  the  two  series,  so  far  as  seen,  appear  to  be 
conformable. 8 

There  is  no  reason  so  far  as  the  writer  knows,  why  this  Middle  Huronian  should 
not  contain  veins  as  well  as  the  Lower  Huronians  since  it  is  also  cut  by  the  diabase 
and  has  been  subjected  to  similar  disturbances.  The  intrusive  nature  of  the  diabase 
as  regards  the  Middle  Huronian  is  seen  on  the  shore  of  Temiskaming  just  south  of 
Devil's  rock. 

Diabase  and  Gahbro :  It  will  be  seen  from  the  map  that  these  rocks  occupy  a  con^ 
siderable  part  of  the  surface  of  the  area  under  review.  In  most  cases,  where  associated 
with  the  Huronian,  they  seem  to  be  in  the  form  of  sheets  or  sills  spreading  between  or 
over  the  layers  of  the  rocks  through  .which  they  cut.  They  show  no  evidence,  such  as 
amygdaloidal  texture,  of  being  surface  flows.  These  rocks  are  much  fresher  in  appear- 
ance and  coarser  in  grain  than  those  of  a  similar  composition  which  occur  in  the 
Keewatin,  and  can  thus  usually  be  readily  distinguished  in  the  field  from  the  latter. 
After  the  eruption  of  these  diabases  and  gabbros,  whose  exact  age  is  not  known,  that 
is,  whether  they  belong  to  the  Upper  Huronian  or  the  Keewenawan,  erosion  of  the 
surface  again  took  place  for  a  long  period  of  time,  and  all  the  series  now  exposed  in 
the  field,  with  the  exception  of  the  younger  Ifiagara,  were  worn  down. 

Diabases  representing  several  periods  of  eruption,  Keewatin  to  post-Middle  Huron- 
ian, are  found  and  it  is  very  difficult  to  distinguish  them  in  the  field.  On  the  south 
shore  of  Cross  lake  the  diabase  which  contained  cobalt-silver  veins  is  cut  by  a  younger 
basalt. 

Niagara:  This  Silurian  series  consists  of  similar  rocks  and  fossils  to  those  which 
are  found  in  the  districts  to  the  south.  It  is  composed  essentally  of  limestones  which 
contain  a  little  conglomerate  and  sandstone  at  their  base.  The  region  has  been  sub- 
jected to  little  disturbance  since  the  deposition  of  these  Niagara  rocks. 

Glacial  and  Becent :  Much  of  tiie  surface  of  the  area  covered  by  the  map  is  occupied 

*  Sir  William  Lointu  (then  Mr.  Logan)  ezploreil  LAke  Temiskaming  in  1845-6.  The  account  of  his  trip,  pub- 
liahed  in  the  report  of  the  Geological  Survey  for  those  years,  pages  60-70,  is  of  interest. 

"  Ascending  Lake  Temiscamang.  the  slates  come  in  upon  the  gneiss  about  three  miles  below  the  mouths  of 
the  Montreal  and  Metabecchuan  Rivers,  on  the  west  bank,  and  about  three  miles  above  them  on  the  east;  and 
they  occupy  both  sidts  to  within  two  and  a  half  miles  of  the  Hudson  Bay  Ck>mpany's  Post  In  this  distance  they 
may  have  a  direct  breadth  of  about  seven  miles  in  which  they  are  effected  by  at  least  one  undulation,  and  pro- 
bably more,  and  constitute  hills  of  300  or  400  feet.  As  gathered  from  the  map  of  D.  Taylor's  exploratory  journey 
from  Lake  Huron  to  the  Ottawa  bv  Lakes  Nipissing.  Temagamanr  and  Temiscamaqg.  the  slates  in  a  westerly 
direction  run  forty  miles  in  a  line  about  S.  40*  w.,  from  the  latter  Lake  to  Bass  Lake,  on  the  Sturgeon  River,  which 
discharges  into  Lake  Nipissing  on  the  north  side,  and  it  appears  probable  they  will  come  upon  some  part  of  .the 
north  shore  of  Lake  Huron.  On  Lake  Temiscamang  they  are  foliowyd  by  the  sandstones,  which  cross  the  lake 
with  a  strike  of  N.  60*  E.,  and  dipping  northward  at  a  very  small  angle,  after  having  been  piled  up  into  a  range  of 
about  the  same  elevation  as  tha  Slate  nllU,  they  reach  the  Company's  Post,  where,  nearly  flat,  thev  run  under  a 
narrow  gravel  hill,  180  feet  in  height ;  emerging  beyond,  they  continue  to  a  distance  of  about  hall  a  mile  above 
the  Poet,  and  there  become  interrupted  on  both  sides  of  the  lake  by  a  mass  of  syenite,  This  syenite  does  not 
the  gneissoid  arrangement  of  the  rock  lower  down  the  river,  but  it  appears  to  be  nearly  similar  in  other 


respects,  being  composed  of  reddish  feldspar,  whi*e  or  colorless  quartz,  and  a  sparing  Quantity  of  green  horn- 
blende. The  breadth  of  this  syenite  band  is  pretty  nearly  three  miles  on  both  sides  of  the  lake.  On  the  west  it  is 
succeeded  by  the  sandstones,  which  run  along  the  coast  for  a  distance  of  four  miles,  nearly  in  the  strike  of  the 
measures,  dipping  towards  the  water  at  a  small  angle,  and  are  followed  by  the  slat^,  which  come  from  behind 
them,  and  continue  in  a  straight  line  for  nine  miles  to  the  western  bay  at  the  head  of  the  Lake,  forming  high,  per- 
pendicular cliffs  for  part  of  the  way,  and  rounded  hills  for  the  remainder.  On  the  east  side,  the  syenite  gives 
place  to  the  slates,  which  there  present  the  porphyritic  appearance  already  mentioned.  The  sandstones  come 
upon  them  on  tne  south  side  of  the  southern  large  island,  and  the  mainland  near,  dipping  a  little  to  the  west  of 
north  at  an  angle  of  three  degrees:  and  both  they  and  the  slates.  Mrith  their  associated  conglomerates,  make  their 
appearance  at  occasional  points  alon^  the  coast,  wherever  denuded  of  the  overlaying  limestones,  the  basset  edge 
of  which  thinly  covers  them,  to  the  island  at  the  entrance  of  the  eastern  or  Moose  Bay.  Beyond  this  the  sand- 
stones, gently  dlppiag  south,  are  seen  in  a  projecting  point  to  the  east  of  the  island.  The'datcs  are  met  with  at  the 
mouth,  and  at  the  first,  second  and  third  Portages,  of  the  Riviere  des  Quinze.  or  Moose  River  and  their  a.Hsociated 
conglomerates  in  the  bay  to  the  west  of  the  Blanche. 

••  The  limestones  constitute  the  two  large  islands  north  of  the  Company's  Post,  the  two  smaller  ones  between 
them,  the  island  already  mentioned  planted  at  the  entrance  of  the  eastern  bay.  and  a  very  small  one  on  the  west 
coast,  as  well  as  the  promontory  which  separates  the  east  bay  from  the  west.  "The  strata  He  in  the  form  of  a  shal- 
low traugh.  based  sometimes  on  the  sandstones  and  s6metimes  on  the  filates.  aceupying  the  breadth  of  the  lake.— 
from  five  to  six  miles— and  extending  from  the  south  side  of  the  southern  great  island  to  some  unknown  distance 
northward,  being  probably  a  projecting  point  or  an  outlier  of  some  more  extended  calcareous  area  nearer 
Hudson's  Bay." 
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by  boulder  claj>  snd  loose  bedded  depoiits.  The  distribution  of  these  materials  has  not 
beea  shown  ott  the  map,  owing  to  the  fact  that  their  mapping  would  hare  taken  more 
timn  than  we  had  at  our  disposal. 

Keewatin 

The  folding  which  has  been  produced  in  the  Keewatin  is  well  shown  by  the  torsion 
cracks  in  Figs.  18,  19.  The  photographs  which  these  represent  were  taken  at  the  con- 
tact of  the  Keen-atin  with  the  Lower  Huronian,  at  the  afaore  of  I'emiskaming,  on  lot  15 
in  the  second  concession  of  the  township  of  Bucke.  This  contact  is  shown  on  the  map.  It 
is  an  important  one  owing  to  the  tact  that  it  is  easily  reached  from  the  town  of 
Haileybury,  either  by  water  or  by  land.  The  Keewatin  greenstone  also  frequently 
shows  spheroidal  parting  similar  to  that  which  has  been  described  in  the  Vermilion 
district  of  Minnesota. 

Mr,  iM,  B.  Baker  who  examined,  microscopically,  specimens  of  the  Keewatin 
greenstone  from  near  the  contact  on  the  lot  above  mentioned  says  that  the  rock  has  s 
very  fine  grained  trap-like  appearance.     The  two  important  constituents  are  green  horn- 


Fig.  18.  Torsion  cracks  in  Keewatin  greenstone.  Lot  15  in  the  second  conceesiou  of  Bucke. 

blende  and  plagioclase.  The  former  mineral  occurs  in  aagnlar  grains  and  blade-likr 
pieces,  which  show  a  frayed  structure,  and  is  altered  to  chlorite.  Muck  of  the  plag- 
ioclase is  changed  to  kaolin  and  occurs  in  lath-like  forms.  Some  sections  show  a  well 
defined  ophitic  structure,  bo  that  the  rock  can  now  be  called  a  fine-grained  hornbleod^ 
diabase.  Other  specimens  of  the  Keewatin  greenstone  examined  by  the  writer  from  ihf 
railway  cuts  near  Pickerel  lake  and  elsewhere  are  similar  in  character. 

At  the  immediote  point  of  junction  or  contact  of  the  Lower  Huronian  with  the 
Keewatin  on  the  lot  to  which  reference  has  been  made,  the  greenstone  of  the  latter 
is  cut  through  by  a  dike  of  porphyry  of  pre-Huronian  age.  This  porphyry  ihowa 
similar  cracks  to  those  presented  by  the  Keewatin,  but  its  porphyritio  texture  serrei 
as  a  good  means  of  identification.     It  frequently  is  difficult  to  distinguish  the  more 
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or  less  metamorphosed  greeiiBtones  of  the  Keetratin  from  some  of  the  slatji'grejwack^ 
phases  of  the  orerlying  Lower  Huroniftn.  These  grejrwftck^  are  simply  the  recomposed 
greeDstoDM,  or  in  other  words  after  the  greenstones  have  broken  down  into  fine  material 
this  has  been  resolidified  into  slate-like  rocks.  But  at  the  contact  referred  to  we  find 
pebbles  and  boulders  of  the  Keewatin  porphyry  dike  in  the  overljing  Huroniau,  and 
there  is  no  mistaking  these  pebbles  and  angular  fragments  for  something  else.  (Pigs. 
20,  21).  In  man;  other  outcrops  one  has  not  his  attention  drawn  to  the  unconformity 
st  once.  There  is  a  well  defined  contact  in  a  light  colored  knoll  which  lies  some  distancs 
east  of  Karr  creek  on  the  northeast  corner  of  lot  13  in  the  first  concession  of  Bucke. 
This  hill  is  ia  the  bush  but  can  he  seen  on  looking  southward  from  the  road.  North- 
ward from  the  road  here  there  are  also  contacts.  The  location  of  these  is  shown  on 
the  map. 

PreTioue  maps   of  this   district  have  shown    as   one  seriea  the  Keewatin,   Lower 
Huronian   and  Middle  Huronian,   thus   bringing  out   the   fact   already   illustrated  that 


irface  in  Fig.  18  enlarged. 


it  is  somewhat  difficult  at  times  to  distinguish  some  phases  of  the  Lower  HuroniaD; 
frtHU  the  Keewatin.  Those  who  hare  mapped  the  series  in  this  way  considered  that 
the  bonlders  and  other  fragments  in  the  Lower  Huronian  represented  pyroclastic  rocka 
practically  contemporaneous  with  the  greenstones  of  the  Keewatin,  which  were  alao 
deemed  to  be  of  sedimentary  character. 

Surrounding  Sharp's  Landing  there  arc 
watin  is  here  represented  by  an  outcrop  of  i 
in  length.  Surrounding  this  or  orerlying  it  a 
Huronian,  which  here  dip  at  a  higher  angle 

Cobalt  station.  Near  this  Landing  and  along  the  shore,  the  Huronian  is  probably 
folded  into  anticlines  and  inclines,  as  there  seems  to  be  a  repetition  of  certain  beds. 
The  mf»t  interesting  point  in  connection  with  these  outcrops  is,  bowerer,  the  fact  that 
we  found  fragments  of  the  Keewatin  iron  formation  in  the  overlying  series. 


I    some    interesting    exposures.     The    Kee- 

ron  formation  which  is  only  about  26  feet 

e  slates  and  conglomerates  of  the  Lower 

!  than  they   usually  do  in  the  vicinity  of 
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Th«  EMWfttiD  rocka  whioli  oatorop  kroand  tli«  ahore*  Rud  island*  of  SuagiiMgi 
and  Clear  lakea  are  Men  to  be  of  at  least  two  ages.  The  older  rooks  are  light  nriorsd 
and  fine  grained  and  are  often  much  fissured.  They  contain  numerous  stringers  of 
qnarts,  eepecislly  near  the  north  end  of  lake  Saaaginaga.  It  is  difBonlt  to  say  what 
much  of  this  light  colored  rock  has  been  originally,  althongh,  from  thin  sections  exam- 
ined microecopically,  it  appears  to  have  been  a  fine  grained  Tolcanio  type.  It  is  cut 
through  by  a  later  series  which  is  somewhat  like  other  exposuree  of  the  Keewatin  seen 
in  the  district.  A  similar  assemblage  of  rocks  to  those  found  at  this  lake  occurs  in  the 
township  of  Boston  to  the  northward.  Usually  the  Keewatin  is  represented  by  darker 
colored  rocks  than  thoae  of  most  of  the  exposures  around  Sasagin^^. 

The  folding,  shown  by  small  cracks  or  torsion  figures,  which  are  present  in  many  of 
the  Keewatin  outcrops,  assists  in  their  recognition.  Many  of  theee  cracks  are  now 
filled  with  white  calcite,  and  although  on  the  whole  the  rocka  look  like  slates  of  the 
Lower   Huronian,   these  calcite  fissures  distinguish  them.      There  are   some   good  expo 


sures  of  this  kind  in  the  railroad  cuts  between  Pickerel  lake  and  Baas  lake,  two  or  three 
miles  south  of  Cobalt  station.  Other  smaller  exposures  of  the  rock  in  the  railroad  cut- 
tings may  be  seen  about  opposite  Short  lake,  just  south  of  Cobalt  lake,  and  certain 
outcrops  occur  not  far  east  of  the  railway  and  south  of  Cobalt  lake.  The  outlines  of 
this  area  have  been  only  approximately  determined.  Then  we  hare  shown  an  area 
just  west  of  Peterson  lake.  It  was  found  almost  impossible  to  determine  its  boun- 
daries accurately,  and  in  this  connection  it  may  be  said  that  if  the  slaty  phases  of  ths 
Lower  Huronian  have  been  metsmorphoBed,  as  they  sometimes  are  in  the  Tioinity  of 
diabase  intrusions,  it  became  doubly  difficult  to  distinguish  them  from  the  Keewatin. 
We  hare  also  shown  Keewatin  areas  along  the  Montreal  river  between  Hound  Chnte 
and  Sandy  portage.  This  ares  is  probably  much  larger  than  shown  on  the  map,  as  no 
attempt  was  made  to  trace  it  out  in  detail.  Similar  rocks  are  found  around  lake  New. 
5a  M.  (II) 
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Contact  of  Keewatln  and  Laurentlan 

Although  th«  Lanrentian  granite  corers  an  area  of  ooneiderable  extent  on  the 
map,  we  found  only  one  good  contact  where  the  granite  plays  the  part  of  an  intrusive 
rock.  This  was  near  the  northwest  comer  of  what  we  have  called  Kirk  lake.  The 
granite  here  comes  in  contact  with  greenstone  and  sends  out  small  dikes  and  stringers 
into  it.  This  greenstone  appears  to  be  a  rariety  of  the  Keewatin  of  the  district.  It 
is  certainly  Mat  than  the  granite.  A  microBCopic  examination  of  the  greenstone  was 
not  TSry  satisfactory  owing  to  the  metamorphiim  to  which  it  has  heen  sabjected. 

The  granite  of  the  diitrict  is  commonly  rather  coarse  in  grain  and  of  a  deep  flesh- 
red  color,  the  feldspar  predominating.  The  ferro-magnesian  constituent  is  hiotite, 
which  is  usually  converted  to  chlorite  and  occurs  in  small  quantity.  The  predominant 
feldspar  in  generally  microcline,  and  other  acid  Tarieties  of  plagioclase  are  abundant. 
The  larger  quarts  grains  frequently  show  a  rounded  outline. 


Fig-  31.  Contact  on  shore  of  Temiskaming  between  the  Keewatin  and  Lower 
Horo&ian.  The  Huronian  breccia  rests  on  the  Keewatin  rock  from  which  it  was 
derivod.    Lot  16  in  the  seoond  concession  of  Bocke. 

It  would  have  heen  a  source  of  satisfaction  if  we  had  been  able  to  find  more  con- 
tacts  of  the  g^ranite  with  the  Keewatin  greenstones,  but  the  writer  thinks  that  the 
relationship  which  is  shown  by  the  legend  on  the  map  to  exist  between  the  rooks  of  this 
region  is  correct  for  the  following  reasons :  (1)  The  Keewatin  throughout  the  field  haf 
bean  much  disturbed  and  now  contains  torsion  cracks  and  other  evidence  of  distnrbanoa. 
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while  the  Laurentian  granite  does  not  show  any  traces  of  such  disturbance.  (2)  The 
granite,  as  has  just  been  said,  cuts  through  the  greenstone  at  the  northwest  corner 
of  Kirk  lake.  (3)  Boulders  and  other  fragments  of  granite,  similar  to  that  which 
makes  up  the  mass  of  the  rock  in  Lorrain,  are  found  in  the  Lower  Huronian  in  many 
places,  thus  giving  evidence,  even  if  we  had  no  contact  between  the  granite  and  the 
Eeewatin,  that  the  Lower  Huronian  is  younger  than  the  granite.  The  writer  has  never 
seen  any  contact  between  the  granite  and  the  Lower  Huronian.  (4)  The  Middle  Huron- 
ian is  seen  in  contact  with  the  Laurentian  granite  in  numerous  places  in  the  town- 
ship of  Lorrain.  In  fact  it  is  difficult  to  draw  a  line  between  the  two  series,  the  re- 
composed  Middle  Huronian  material  often  resembling  very  closely  the  Laurentian 
granite  from  which  it  has  been  derived.  A  similar  relationship  between  these  series 
was  described  by  Dr.  Barlow  in  his  Report  of  the  region  some  years  ago,  the  outcrops 
studied  by  him  being  on  the  Quebec  side  of  Temiskaming  in  the  vicinity  of  Ville  Marie. 
At  that  time  it  was  thought,  however,  that  the  granite  was  the  oldest  rock  in  the  dist- 
rict, that  is,  older  than  the  Eeewatin,  Lower  Huronian  and  Upper  Huronian,  the 
three  being  put  into  one  series. 

In  two  or  three  instances  pebbles  in  the  Lower  Huronian  appeared  to  be  conglom- 
erate, that  is,  they  seemed  to  indicate  that  there  had  been  a  conglomerate  series  before 
the  Lower  Huronian  was  laid  down.  The  writer  was  not  able  to  break  out  any  of  these 
pebbles  so  as  to  determine  their  character  accurately.  It  is  well,  however,  to  consider 
the  possibility  of  a  fragmental  series  in  the  district  older  than  what  is  here  called  the 
Lower  Huronian.  The  Keewatin  undoubtedly  contains  some  sedimentary  material, 
shown  by  the  jasper-magnetite  bands. 

The  breccia  and  conglomerate  of  the  Lower  Huronian  are  what  were  called  by  Logan 
and  others  slate-conglomerate,  a  name  which  well  describes  the  varieties  possessing  a 
slate-like  base  through  which  are  set  pebbles  and  boulders.  At  times  the  fragpnents 
are  angular  in  form.  These  rocks  show  great  variety  in  composition,  the  conglomerate 
frequently  containing  pebbles  of  many  kinds  and  of  various  sises,  the  material  being 
representative  both  of  the  Keewatin  complex  and  of  the  Laurentian.  Pebbles  represent 
several  diabases  and  porphyries  of  the  Keewatin  together  with  those  of  granite  and 
other  pre-Huronian  rocks.  In  other  cases  the  Lower  Huronian  fragmental  rocks  con- 
tain material  of  only  one  or  two  kinds,  representative  of  an  underlying  or  adjacent 
mass.  Thus  the  slaty-greywacke  members  frequently  represent  the  recompoeed  material 
of  the  Keewatin  which  was  consolidated  almost  in  situ.  It  is  often  difficult  to  dis-. 
tinguish  the  recomposed  rock  from  that  through  whose  decomposition  it  was  formed. 

Huronian 

The  map  shows  what  we  have  called  the  Middle  Huronian  to  be  confined  to  the 
southeastern  corner  of  that  part  of  the  area  which  belongs  to  Ontario.  This  series  is 
here  light  in  color,  being  composed  essentially  of  granite  debris.  It  is  possible  or  even 
probn^^'  that  there  may  be  rocks  of  the  same  age  on  the  western  side  of  the  area  which 
differ  i  i  appearance  from  these  Lorrain  arkoses  and  other  varieties.  No  outcrops  of  gran- 
ite were  seen  in  the  western  or  northern  part  of  the  area;  hence  if  rocks  were  being 
laid  down  in  those  parts  of  the  field  at  the  same  time  as  they  were  being  deposited  in 
the  southeast  corner,  the  fragmental  material,  no  granite  being  present,  would  be 
different  in  appearance  from  the  Middle  Huronian  of  Lorrain. 

It  may  be  seen  from  the  map  that  the  writer  has  roughly  subdivided  what  he  has 
called  the  Lower  Huronian,  the  coarser  fragmental  material  or  conglomerate  being 
shown  to  be  essentially  confined  east  of  a  line  which  runs  from  the  east  side  of  Mud 
lake  northeastward  towards  New  Liskeard.  Some  outcrops  of  this  conglomerate  or 
breccia  were,  however,  found  in  the  township  of  Hudson. 

These  rocks  in  the  western  part  of  the  map  resemble  in  a  general  way  the  grey- 
wacke  slate  which  is  associated  with  the  conglomerate  in  the  vicinity  of  Cobalt  station 
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ftnd  elsewhere,  but  th'e  slates  along  the  railroad,  for  instance  near  the  town  plot  of 
Latchford,  are  usually  reddish  banded  and  present  a  somewhat  difFerent  appearance 
from  the  typical  slates  of  the  Lower  Huronian.  Reddish  banded  slates  are  found  along 
the  shore  of  Temiskaming,  on  the  Quebec  side,  to  the  east  of  the  area  we  hare  mapped. 

Contacts  are  very  frequently  difficult  to  find.  The  writer  was  fortunate  in  finding 
a  striking  one,  a  specimen  from  which  is  shown  in  figure  32,  on  lot  4  in  the  twelfth 
concession  of  Lorrain.  This  contact  is  shown  on  the  map.  A  small  knoll  of  slaty 
greywacke  here  has  the  arkose  around  its  base,  and  fragments  of  the  dark  graywackd 
are  cemented,  as  shown  in  the  figure,  with  the  light  colored  arkose.  This  is  the  only 
contact  that  the  writer  was  able  to  find  between  the  Lower  and  Middle  Huronian. 

There  are  some  things  that  are  rather  difficult  to  understand  in  connvction  with 
the  Huronian  sediment.  The  cement  material,  for  instance,  and  the  angular  charac- 
ter of  the  greywacke  fragments  at  the  contact  just  described  do  not  indicate  water 
erosion.  The  cement  material  is  very  fresh  in  appearance  and  only  slightly  decom- 
posed, thii.s  differing  from  material  which  has  been  produced  in  the  presence  of  water. 
The  greywacke  fragments  being  angular  also  show  no  evidence  of  having  been  worked 
orer  by  water.  The  writer  is  not  able  to  offer  a  satisfactory  explanation  for  the  char- 
acter of  the  sediment  found  in  some  of  these  strata.     As  previously  stated,  other  writers 


Fig.  22.  Breccia  at  the  contact  of  the  Lower  Huronian  with  the  Middle  Huronian. 
Fragments  of  greywack4-slate  are  cemented  together  by  the  light  colored  Middle  Hnr- 
onian  arkose.    Lot  4  in  the  twelfth  concession  of  Lorrain. 

in  the  district  have  claimed  that  all  this  fragmental  material  was  pyroclastic  in  origin. 
Th«  present  writer  has  disproved  this,  the  fragmental  material  at  some  of  the  contacts 
being  clearly  derived  from  the  older  series  close  at  hand.  To  account  tor  the  unde>- 
composed  and  angular  character  of  much  of  the  fragmental  material,  the  writer  is 
inclined  to  the  belief  that  desert  conditions  prevailed  in  this  region  at  the  time  some 
of  the  Middle  Haronian  rocks,  at  least,  were  formed.  Of  conrse,  much  of  the  material 
in  the  Lower  Huronian,  after  we  get  above  its  base,  and  much  of  that  in  the  upper- 
most part  of  the  Middle  Huronian  is  well  rounded  and  shows  the  effects  of  wat«r  action. 
The  writer  does  not  pretend  to  say  that  there  is  no  pyroclastic  material  intermixed 
with  the  fragmental  mat«rial  of  the  Huronian.  The  association  of  some  of  the  strata  is 
puaeling.  It  is  difficult  to  understand,  for  example,  how  certain  large  boulders  of 
granite  in  the  conglomerate,   which   forms  part  of  the   highest  outcrops  of  the   Lower 
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Huronian,  have  been  carried  so  far  from  their  parent  masses.  These  large  boulders 
are  found  over  much  of  the  district,  and  there  are  now  no  outcrops  of  granite  in  the 
neighborhood  of  many  of  them.  Then  some  of  the  delicately  banded  gresrwack^  slate 
may  represent  volcanic  dust  or  fine  grained  pyroclastic  material.  In  the  present  state 
of  our  knowledge  we  have  little  warrant  for  claiming  that  the  granite  boulders,  often 
two  or  three  feet  or  more  in  diameter  and  distant  a  couple  of  miles  from  ezposnres  of 
the  rock,  indicate  glacial  conditions  during  Lower  Huronian  times,  although  we  have 
no  proof  to  the  contrary. 

Analysis  of  Slste 

The  sample  analysed  is  from  the  well-banded,  what  I  have  called  greywack^-slate, 
from  the  base  of  the  cliff  at  the  Little  Silver  mine  in  the  southwest  corner  of  location 
R  L  404  (Frontispiece).  Mr.  Burrows  found  it  to  have  the  following  percentage  composi- 
tion : 

Per  cent. 

SUica   62.74 

Alumina    16.94 

Ferric  oxide  6.07 

Ferrous  oxide 1.59 

Lime  1.39 

Magnesia  8.06 

Soda  and  potash  6.07 

Moisture   .86 

Loss  above  110  degrees  8.20 

Total    100.41 

Analysis  of  Breccia 

A  sample  of  the  medium  grained  breccia,  in  the  wall  of  the  Jia  Rose  vein,  was  sub- 
mitted to  analysis  by  Mr.  Burrows,  with  the  following  result: 

Per  cent. 

Silica    43.12 

Alumina   19.74 

Ferric  oxide  6.72 

Lime  6.40 

Magnesia  7.48 

Soda   4.60 

Potash    1.76 

Cobalt  and  nickel  .66 

Loss  on  ignition  10.94 

Arsenic  1.18 

Total 100.88 

The  sample  showed  in  places  the  greenish  arsenate  of  nickel  and  also  bright  specks 
of  a  white  mineral,  evidently  smaltite  or  chloanthite. 

Diabase  and  Qabbro 

These  rocks,  as  will  be  seen  from  the  map,  occupy  a  considerable  part  of  the  area. 
Good  contacts  are  found,  especially  between  them  and  the  Lower  Huronian.  A  con- 
tact of  diabase  with  the  Middle  Huronian  can  be  seen  along  the  shore  of  Temiskaming 
a  short  distance  north  of  Martineau  Bay  and  elsewhere.  One  is  struck  by  the  fact 
that  in   many  of  these  contacts  the  fragmental  rocks,  through  which  the  diabase  and 
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gkbbro  cut,  freqaeatly  dip  towuds  the  dikbMo.  Thia  is  rather  aniuual.  We  gener- 
ally find  fr&gmentel  reolu  dipping  awey  from  Uie  intrusive  rarieties  or  forming  anti'- 
tact  of  diabase  with  the  Middle  Haronian  can  be  seen  along  the  shore  of  Temiskaming, 
clinal  atructuree.  The  diabases  and  gabbros  here,  as  shown  on  preceding  pages,  formed, 
in  many  cases,  laccolitic  masses  and  sheets  or  sills  at  one  time  (Fig.  17).  Hence  it  is  prob- 
ably to  be  expected  that  the  slate  and  conglomerate  series  ahonld  dip  towards  outliers  of  the 
diabase  and  gabbro  which  rest  on  th^n.  A  contact  of  the  slate  with  diabase  is  seen  across 
the  railway  from  the  La  Rose  mine,  and  good  contacts  are  alao  to  be  seen  near  the 
railway  track  a  couple  miles  south  of  Haileybury.  Hie  slate  on  let  IS  in  the  first 
concession  of  Bucke  has  been  much  disturbed  by  the  intrusion  of  the  diabase,  and  a 
peculiar  columnar  structure,  perpendicular  to  the  bedding,  has  been  developed  in  it. 
This  has  already  been  deacribed  (Fig.  16). 

It  was  thought  that  the  metals  in  the  cobalt-silyer  deposits  might  have  been 
derived  from  the  diabase.  Samples  from  different  outcrops  were,  bowerer,  tested  by 
Mr.  Burrows,  who  found  no  indication  of  the  presence  of  any  of  theee  elements. 
Eeewatin  greenstone  was  examined  with  similar  results. 

Elsewhere   in  this    report  it  has    been   stated  that  these  post-Huronian    diabasM 


Fig.  38.  Contact,  of  Middle  Hurnnisn  ouartnito  with  Niaeara  limestone  on  the 
east  shore  of  Lake  Temiskaming,  north  of  Picbe  Point.  The  fragmento  of  quartsite 
are  cemented  together  by  limestone. 

and  gabbros  are  often  much  like  some  of  the  coarser  varieties  of  basic  rocks  which  are 
found  in  the  Keewatin.  Representatives  of  the  latter,  especially  on  freshly  broken 
surfaces,  have  a  more  weathered  and  altered  appearance  than  do  poat-Huronian 
representatives . 

The  writer  baa  not  thought  it  necessary  to  make  a  detailed  examination  of  the 
poat-Huronian  diabases  and  gabbros,  owing  to  the  fact  that  thia  would  not  have  mnoh 
economical  bearing,    and  further,    these   rocks  hare   been  described  in    Dr.   Barknr*B 
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Report  oil    tile  TemiskaDiing   map   sheet   published  in    1897.     The   reader  desirous  of 
details  conceriiiiig  thet>e  rocks  should  refer  to  that  Report. 

It  may,  hiiwevor,  be  noted  here  that  those  diabases,  vhile  thejr  m&y  belong  to 
about  the  same  period  of  eruption  as  some  of  the  basic  eriiptives  in  the  vicinity  of 
Sudbury,  are  different  from  them  in  character.  We  havo  no  rock  here  which  closely 
resembles  tlK>  iturite  of  Sudbury.  About  the  middle  of  the  southwest  shore  of  Cross  lake 
there  nre  outcrops  of  a  basalt  which  cuts  the  diabase,  iti  which,  a  little  further  to  the 
wcstwfiril  occur  the  Stringer,  Handy  and  other  cobalt-silver  veins.  In  hand  specimens 
this  ba.salt  is  seen  to  be  very  fine  grained,  especially  near  the  contact.  Under  thp 
microM^lit'  the  constituents  of  the  rock,  which  is  quite  fresh,  are  seen  to  be  in  two 
generuti(in>.  The  most  prominent  mineral  is  plagioclase  which  occurs  both  as  pheuo- 
crvKts  and  in  the  ground  mass  in  needlo-like  crystals.  A  light  colored  pyroxene  occurs 
more  .'ipnringly  than  plagioclaso.  It  is  found  both  as  phenocrysts  and  in  grains  in  the 
grouiKl  mass.  The  pyroxene  phenocrysts  are  older  than  those  of  plagioclase.  A  very 
few  grains  of  olivine  are  present  in  some  of  the  thin  sections. 
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No.  1  is  the  basalt  described  above.  No.  2  is  the  diabase  or  gabbro  cut  by  the 
basalt.  This  gabbro,  near  the  point  mentioned  on  Cross  lake,  is  seen  to  overlie  a  fine- 
grained representative  of  the  fragmental  series.  • 

No.  3  is  an  analysis  made  in  the  Pittsburg  Testing  Laboratory  of  a  specimen  of 
gabbro  taken  two  feet  away  from  the  Handy  vein  and  about  six  feet  from  the  surface. 
The  result  of  this  analysis  was  given  to  the  writer  by  Mr.  J.  O.  Handy,  who  says  that 
a  thin  section  of  the  rock  examined  microscopically  showed  predominant  hypersthene, 
much  augite,  plagioclase,  magnetite  and  no  quartz.  This  specimen  is  seen  from  the 
analysis  to  possess  almost  the  same  chemical  composition  as  No.  2.  The  Handy  claim 
lies  a  short  distance  west  of  the  foot  of  Cross  lake. 

In  the  western  part  of  the  field  the  diabase  and  gabbro  frequently  contain  grains 
of  reddish  feldspar.  In  the  township  of  Hudson  narrow  veins  with  niccolite  and  smaltite 
have  been  found  in  this  rock. 
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« 
The  Silver  Islet  mine  and  the  silver  mines  on  the  main  shore  to  the  southwest- 
ward  of  Port  Arthur  are  well  known  to  students  of  ore  deposits.  In  richness  of  silver 
they  resemble  those  of  Cobalt  station,  but  they  contained  a  much  lower  percentage 
of  cobalt,  nickel  and  arsenic.  Cobalt  bluom  and  nickel  bloom,  together  with  arsenides 
and  other  compounds,  were,  however,  found  in  these  lake  Superior  deposits  with  the 
silver.  A  similar  assemblage  of  minerals,  but  in  a  much  smaller  quantity,  was  briefly 
described  years  ago  as  occurring  on  Michipicoten  island.  It  is  well  known  that  native 
silver  oocars  in  association  with  native  copper  in  the  great  copper  mines  of  Michigan 
on  the  south  shore  of  Superior.  It  would  seem  then  that  native  silver  is  not  a  very  rare 
mineral  in  the  region  between  the  Quebec  boundary  and  the  north  and  south  shores  of 
lake  Superior.  Port  Arthur,  however,  lies  about  500  miles  west  of  Cobalt  station,  and 
in  the  intervening  area  no  deposits  of  the  metal  have  been  found.  There  is  ground  for 
hope  that  deposits  will  be  discovered  when  this  area  is  explored.  Little  is  known 
aboat  much  of  it  at  the  present  time. 

The  Port  Arthur  Mines 

Hnch  has  been  written  on  the  silver  mines  in  the  area  adjacent  to  Port  Arthur. 
This  literature  has  been  summarized  and  many  additional  details  given  in  an  import- 
ant report  written  by  Mr.  £.  D.  Ingall  of  the  Canadian  Geological  Survey .9  None  of 
these  mines  are  now  working. 

It  will  be  seen  from  the  following  notes,  condensed  from  Mr.  IngalPs  report,  that 
these  Port  Arthur  deposits  in  many  respects,  especially  in  the  facts  that  they  occupy 
for  the  most  part  vertical  fissures  which  cut  slightly  inclined  pre-Cambrian  beds  and 
in  their  mineral  contents,  resemble  the  silver-cobalt  deposits  in  the  vicinity  of  lake 
Temiskaming.  The  chief  difference  between  the  two  as  regards  their  mineral  contents 
is  that  the  Port  Arthur  deposits  contain  a  higher  percentage  of  gangue  material,  the 
ore  usually  occurring  in  bunches  or  pockets,  and  the  percentage  of  silver  is  always 
much  higher  than  that  of  the  associated  nickel  and  cobalt  which  generally  occur  in 
small  quantities  or  are  entirely  absent  in  some  of  the  deposits.  Some  of  the  veins  in 
the  vicinity  of  lake  Temiskaming  on  the  other  hand  contain  a  much  smaller  amount 
of  gangue,  and  the  percentage  of  cobalt,  nickel  and  arsenic  is  often  higher  than  that 
of  silver.  One  of  these  veins,  that  in  the  northwest  corner  of  R  L  404,  as  shown 
above,  consisted  as  exposed  at  the  surface  of  about  14  inches  of  solid  smaltite  together 
with  niccolite.  There  was  little  gangue  in  this  ore.  The  Cobalt  station  deposits,  as 
previously  stated,  resemble,  among  veins  which  have  been  worked  in  the  world,  more 
closely  those  of  Joachimsthal  in  Austria  and  Annaberg  in  Saxony  than  any  others. 

»  "  Report  on  Mines  and  Mining  on  Lake  Superior."  by  E.  D.  Ingall,  Part  H  Annual  Report  of  the  Geological 
Survey  of  Canada,  1887, 124  pages. 


Bureau  of  Mines 


It  is  intereBting  to  know,  however,  that  nickel  did  occur  in  th«  Silver  Islet  mine, 
*t  least,  in  economic  quantities.  The  first  ores  of  this  metal  of  this  Province,  n-hich 
is, now  Bucb  an  important  producer  of  the  metal,  were  those  of  the  Silver  Islet  mine. 
Mr.  W.  M.  Courtis,  in  a  paper  read  before  the  American  Institute  of  Mining  E^gineen, 
October,  1673,  in  speaking  of  the  smelting  works  at  Wyandotte,  says  that  the  matte  was 
treated  to  save  the  nickel  and  that  the  silver  was  extracted  from  the  marketable  nickel 

Ingall  says  the  vein-filling  minerals  consist  of  qnarta,  barite,  calcite  and  fluorite. 
In  these  occur  different  metallic  minerals,  vii. ;  blende,  galena,  pyrites  of  various  sp«cies 
and  occasionally  some  sulpbarets  of  copper,  whilst  the  silver  occurs  as  argentite  and  in 
the  native  state,  the  former  being  the  more  common.  At  places  the  veins  carry  > 
dark  green,  probably  cbloritic,  material,  which  on  some  surfaces  has  a  bright  wax; 
lustre,  whilst  occasionally  a  soft,  greasy  talcose  material,  probably  saponite,  accom- 
panies the  ore,  notably  at  the  Beaver  mine,  and  to  a  leaser  extent  at  one  or  two  other 
places.  Carbon  in  various  forms  has  alao  bean  found  here  and  there,  whilst  in  tome 
of  the  vugs  in  the  veins  which  hare  been  found  near  the  surface  stiff  clay  and  ochreoui 
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material  have  soinetiiiies  been  obtained  along  with  nuggets  of  argentite,  the  former, 
hotrevor,  havin);  evidently  been  washed  in  from  the  surface  and  thus  imbedded  ihf 
silrpr  mineral!!  already  existing  in  the  TUgs. 

The  same  writer  further  states:  "These  then  are  the  mlnersJ  constituents  of 
those  reins,  but  the  Silver  Islet  vein  forms  somewhat  of  en  exception  in  that  it  carried, 
besides  these,  various  arsenical  and  entimoniol  nres  of  silver  with  compounds  of  nickel 
and  cobalt  and  other  metallic  minerals  which  have  so  far  not  been  found  in  the  rest 
of  the  veins. (?)  Other  salient  features  were  the  pink  and  cream-colored  dolomitic 
*par  which   so  frequently  formed   a  characte'-istic   and  prominent  constituent  of  the 
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igae  of  the  rich  ore,  and  the  predominooce  of  nktire  silrer  in  tha  rich  parts, 
areu  in  the  rest  of  the  veins,  thoagh  this  form  of  silver  oocari  in  considerable 
■otity  at  places,  yet  argentite  seems  to  be  the  form  in  which  it  ia  generally  fonnd." 
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''Again,  it  is  interesting  to  know  that  both  the  mineral  waters  and  the  inflam- 
mable gas  that  were  met  with  in  opening  up  the  Silver  Islet  mine  have  also  been 
encountered  at  other  points  in  the  district.  At  the  Babbit  Mountain  mine  in  one  of 
the  lower  levels  I  saw  water  running  over  the  breast  of  the  drift  which  gave  off  a  faint 
odor  of  sulphuretted  hydrogen  and  was  depositing  a  white  flocculent  material,  whilst 
both  at  this  place  and  at  the  Beaver  mine  I  was  informed  that  small  quantities  of 
inflammable  gas  had  been  met  with." 

These  veins,  like  those  of  Temiskaming,  frequently  present  a  brecciated  appearance, 
angular  fragments  of  rock  being  enclosed  in  the  vein  .material. 

InguU  found  the  distribution  of  the  silver  minerals  in  the  veins  very  irregular,  the 
rich  ore  generally  occurring  in  detached  bodies  of  varying  dimensions  surrounding 
very  poor  or  quite  barren  areas  of  the  vein. 

As  regards  the  metallic  minerals,  it  was  observed  by  Ingall  that  the  blende  comes 
first  in  importance,  being  the  most  plentiful.  This  mineral  is  practically  absent  in 
the  Temiskaming  deposits.  The  galena  does  not  play  such  an  important  part,  Ingall 
says,  as  the  blende.  Pyrite  is  found  to  a  lesser  extent  than  the  two  last  mentioned 
minerals.  Both  pyrite  and  galena  are  likewise  rarely  met  with  in  the  Temiskaming 
veins.  Marcasit«  and  pyrrhotite  are  found  in  the  Port  Arthur  veins,  but  copper  com- 
pounds represented  by  chalcopyrite  and  copper-glance  are  rare.  Through  these  minerals, 
or  through  the  gangue  minerals,  are  distributed  the  argentite  and  native  silver.  It 
is  said  that,  with  the  exception  of  Silver  Islet,  the  native  silver  is  more  characteristic 
of  the  or«  bodies  near  the  surface  and  is  replaced  by  argentite  in  depth.  The  likelihood 
of  blende,  galena  and  pyrite  carrying  silver  is  asserted  to  be  in  the  order  in  which  they 
are  here  named.  Silver  was  found  in  but  few  specimens.  Some  traces  of  gold  were 
obtained  in  these  minerals  in  a  few  instances. 

The  calcite  is  said  to  be  apparently  older  than  the  quarts,  and  there  is  also  some 
secondary  calcite.  The  silver  minerals  seem  to  be  due  to  a  later  infiltration  of  silver- 
bearing  waters  subsequent  to  the  deposition  of  the  gangue  minerals. 

Regarding  the  source  of  the  silver  minerals  Ingall  does  not  offer  any  definite 
theory.  He  says  some  writers  have  thought  them  to  be  connected  with  the  trap  erup- 
tion, the  silver  being  brought  up  by  thermal  waters  accompanying  these  intrusions. 
He  points  out,  however,  that  these  fissures  intersect  and  dislocate  the  trap  sheets  and 
dikes.  He  adds  that  the  fact  remains  that  all  the  ore  bodies  occur  near  or  within  a 
reasonable  distance  of  trap  in  some  form,  either  in  dikes  or  in  sheets.  This  suggested 
the  idea  to  him  that  the  silver  may  be  derived  by  decomposition  of  some  of  the  mineral 
constituents  of  the  trap  carrying  minute  quantities  of  silver.  On  decomposition,  waters 
infiltrating  downwards  through  the  fissures  might  have  deposited  their  silyer  contents 
in  them.  He  thinks  that  the  various  forms  of  carbon  present  in  the  sedimentary  rocks 
may  have  had  some  influence  in  effecting  this  precipitation. 

Silver  Islet  Mine 

This  deposit,  which  occurs  on  an  islet,  less  than  80  feet  in  diameter,  about  a  mile 
out  in  the  lake  off  Thunder  Cape,  was  discovered  in  the  summer  of  1868.  It  is  ihe 
most  famous  silver  mine  yet  worked  in  Canada,  the  silver  produced  from  it  amounting 
in  value  to  $3,250,000.  The  vein  on  this  islet  intersects  what  is  called  a  chloritic 
diorito  dike  in  its  course  through  the  sedimentary  beds  of  the  Animikie.  The  producing 
part  of  the  vein  was  practically  confined  to  that  portion  between  the  walls  formed 
of  the  dike  material. 

We  shall  not  attempt  to  give  a  fuller  account  of  this  vein  here,  but  shall  refer 
the  reader  who  wishes  more  details  to  Mr.  Ingall's  interesting  report.  It  will  be  well, 
however,  for  tho  purpose  of  comparison  to  give  a  list  of  the  minerals  found  in  this 
vein.  Among  these  are  the  gangue  minerals  calcite,  quarts  and  dolomite,  the  latter 
varying  in  color  from  cream  to  pink  according  to  the  amount  of  manganese  contained. 
A  variety  known   as  rhodochrosite  is  said  to  have  been  found.     The  metallic  minerals 
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ar«  native  silTer,  argentilE 
tetrahedrite,  domeykite,  ni 
M  l>lacfBrla.itit«  containing 
said  ta  haye  been  found  ir 
with  macfarlanite,  according  to 


the 


a,  blende,  coppar  and  iron  pyrites  witli  niarcasit«, 
and  cobalt  blooDt',  together  with  a  mineral  known 
,  cobalt,  nickel  and  silver.  Two  new  minerals  ar« 
e;  these  were  called  huntilite  aud  animikite,  those 
a  writer,  being  the  principal  producing  silver  ores  of 


There  were  also  found,  annabergite,  antimonial  silver  and  cerargyrite,  the 
latter  "where  the  rock  has  been  decomposed."  Graphite  is  said  to  occur  in  quantity. 
A  carious  feature  of  the  vein  was  the  combustible  gas  met  with  in  large  quantities 
in  the  workings  and  the  minerkl  water  which  carried  considerable  amounts  of  chlor- 
ide of  sodium  and  other  metals.  Two  very  rich  bunches  or  bonansas  of  ore  were 
found  in  the  vein.  One  of  these  was  completely  worked  out  b;  1874,  yielding  over 
$2,000,000.  The  shape  of  this  bonania  was  that  of  an  irregular  pear,  and  throughout 
its  extent  in  both  veins,  that  is  the  main  and  branch  vein,  it  was  accompanied  by  a 
strong  impregnation  of  graphite.  The  bulk  of  this  bouanea  was  arborescent  silver 
more  or  less  mixed  with  macfarlanite,  a  rich  ore  of  silver  carrying  78  per  cent,  of  that 
metal  along  with  arsenic,  cobalt  and  nickel.     Its  physical  structure  resembles  niccolit«. 


Fig.  27.     Underground  View  at  La  Rone  Mine,  1905.  (Fmma  photograph  by  Mr.  A.  ife  Ki)meu|. 

In  drifting  south  on  the  third  level  in  1878,  strong  impregnations  of  graphite 
were  met  on  the  hanging  wall  which  were  soon  followed  by  the  second  bonanea.  This 
deposit  of  silver  was  remarkable  for  its  great  width,  five  feet  solid  across  the  breast, 
and  the  occurrence  in  great  quantity  of  the  two  previously  unknown  compounds  of 
ailver,  animikite  and  huntilite.  The  shape  of  this  bonanza  was  that  of  an  inverted 
cone  with  a  base  of  about  60  feet  on  the  third  level,  with  the  apex  down  as  far  as 
the  fifth  Wei.  This  deposit  was  phenomenal  in  its  structure,  and  a  winze  in  the 
middle  of  the  deposit  to  the  fourth  level,  60  feet,  was  sunk  literally  through  native 
■ilver,  the  metal  standing  out  boldly  from  the  four  walls  of  the  winze.  In  the  breast 
of  the  drift  it  stood  out  in  great  arborescent  masses  in  the  shape  of  books  and  spikes, 
in  gnarled,  drawn  out  and  twisted  bunches,  followed  by  arborescent  silver  with  inter- 
calated bands  of  animikite  and  huntilite.  The  width  of  the  vein  was  over  10  feet, 
and  the  entire  deposit,  including  the  stamp  rock,  yielded  about  800,000  oi.  of  silver. 

While   the  vein  continued  to   the  greatest  depth   reached  in   the  shaft,   over  1,200 


feet,  little  ore  wm  met  with  in  the  lower  workings,  no  lilrer  beins  obtftiBad  tnm.  sroit 
>tret{;hea  of  rain  mkt«rutl. 

To  gire  an  idea  of  th«  ricfaneu  of  the  ore  produced  from  this  rein  in  the  earlier 
part  of  its  history,  it  may.be  said  that  the  ],164,fi37  lbs.  of  ore  prodnoed  up  to  the  seaaon 
of  1872  averaged  $1,323.44  per  ton.  Silver  then  sold,  however,  at  more  than  twice  it* 
present  price. 

Ores  of  other  Lake  Superior  Mines 

In  order  to  show  the  character  of  the  minerals  found  in  other  deposits  of  the 
Port  Arthnr  area  we  may  cite  the  following  examples  given  in  Ingall's  report. 
Argentiferous  blende  was  the  chief  silver-bearing  ore  of  the  vein  On  HcKetlar's 
island.  On  Spar  island  the  metallic  minerab  were  copper-glasoe,  oopper  pyritei, 
sine  blende  and  a  little  argentite.  Prince's  mine,  the  oldest  mine  on  the  Canadiss 
shore  of  the  lake,  having  been  worked  in  1846  or  1847,  appears'to  havB  been  regarded 
more  in   the   light  of  a   copper    than    of    a    Hilver-bearing    rein.     It  contained   natire 


Fig.  28.    Cobbing  and  sacking 
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silver  disEeminated  in  thin  laminae  through  the  calcareous  spar  aad  blende.  Argss- 
tite  was  also  found  in  this  vein,  and  the  calcareous  spar  waa  stained  with  blue  toi 
green  carbonates  of  copper  and  with  arseniate  of  cobalt.  The  rein  on  Pie  island  con- 
tained blende,  galena  and  iron  pyrites. 

The  veins  so  far  mentioned  belong  to  what  Ingall  calls  the  Ooost  groap.  In  th* 
second  or  Port  Arthur  group  he  says  the  silver  veins  may  be  considered  in  two  dirisioni: 
<1)  Those  which  occur  in  the  Animikie  rocks;  (2)  Those  occurmg  in  the  Archean  tits 
to  the  north  of  the  former.  Most  of  the  veins  are  contained  in  the  first  dirision.  A 
number  of  veins  are  described  by  Mr.  Ingall  under  this  heading.  The  Shuniob  « 
Duncan  mine  is  interesting  owing  to  the  fact  that  the  vein  here  passee  downward  fras 
the  Animikie  rocks  into  the  underlying  Archean,  which  consisU  of  what  are  c»lW 
diorite,  syenite,  felsite,  etc.     It  is  said  that  no  silver  was  found  in  that  port  of  the  Tein 
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lontftined  within  Arctaean  walls.  At  the  3A  mine  the  g&ngue  waa  moatly  quarts  with 
I  little  calcite  through  which  were  distribated  ores  of  iron,  copper,  lead,  lino,  nickel  and 
iilTer,  with  some  cobalt  and  gold  aa  shown  by  the  assays.  The  silrer  was  found  nattre  and 
lombined  with  sulphur  and  nickel.  One  sample  of  the  ore  is  said  to  hare  assayed 
..4  per  cent,  of  cobalt  and  25  per  cent,  of  nickel.  This  vein  was  in  what  Ingall  calls 
iM  Archean  or  Huronian,  the  rocks  being  gray  dolomitio  schists  associated  with  dark- 
p'«en  compact  diorite,  whilst  dark  grayish  red,  felsitic  B7enit«  occurs  a  short  distance 
iQ  the  south.  Near  the  3A  mine  was  a  vein  containing  2  feet  of  milky  quarts,  which 
■  interestiog  on  account  of  the  fact  that  it  was  said  to  carry  native  bismuth,  the  only 
Dention  made  of  this  mineral,  which  occurs  in  most  of  the  Temiskaming  depoBita.  The 
Snunona'  mine,  on  lot  A  in  the  township  of  Mclntyre,  is  said  to  have  contained  mispickel, 
tnotfaer  mineral  frhch  seems  to  be  rare  in  the  vicinity  of  Port  Arthur. 


Fig.  29.     Prospectors  at  Cobalt,  May,  1904. 

Rabbit  MouDtaln  Qroup 

This  gronp  of  mines,  which  was  discovered  a  number  of  years  after  the  Silver 
■let  and  other  reins  of  the  Coast  group,  ia  said  to  present  somewhat  different  oon- 
litioDS  of  occarrenoe  from  those  just  mentioned.  The  veins  are  all  in  the  Upper 
irgillaceons  division  of  the  Animikie  with  ita  aseociatAd  trap  sheets.  The  ore  of  the 
labhit  Mountain  mine  consists  of  native  silver  and  argentite  wiUi  other  minerals. 
i  special  feature  of  the  Porcupine  mine,  one  of  this  group,  ia  that  it  oarries  witherita, 
;he  carbonate  of  bariam.  In  the  Beaver  mine  there  is  the  occurrence  of  saponite 
ilready  mentioned. 

The  Silver  Mountain  gronp  presents  features  similar  to  those  of  the  group  just 
referred  to.  The  veinstones  are  calcite,  barite  and  quarts  with  flnorite.  The  enclosing 
rock  is  argillite.  The  metallic  minerals  are  represented  by  blende,  both  light  and 
iark-colored,  galena  and  iron  pyrites,  with  occasionally  a  little  coppw  pyrites,  the 
•ilver  occurring  both  native  and  as  argentite. 
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Woodside's  vein  differs  from  the  others  in  the  area  in  that  it  occurs  in  the  Archeao 
granitic  and  gneissic  rocks  underlying  the  Animikie.  The  vein  in  its  nature  and 
contents  is  very  similar  to  the  rest,  and  carries  blende,  galena  and  pyrites  distributed 
through  the  usual  gangue  in  moderate  profusion. 

There  is  also  what  is  called  the  Whitefish  Lake  group.  The  veins  here  mostly 
occur  in  the  lower  silicious  rocks  of  the  Animikie.  They  have  much  the  same  contents 
as  the  preceding  ones. 

Minerals  of  Port  Arthur  Veins 

With  the  object  of  comparing  the  minerals  of  the  Port  Arthur  silver  mines  with 
those  of  the  Temiskaming  veins,  the  following  table  has  been  prepared  from  the 
minerals  mentioned  by  Ingall  as  occurring  in  the  former: 

I.  Native  elements: 

Native  silver,  native  bismuth,   graphite. 

II.  Arsenides : 

Niccolite,  domeykite,  macfarlanite  (P),  huntilite  (?). 

III.  Arsenates: 

Cobalt  bloom,  annabergite. 

IV.  Sulphides: 

Argentite,   zinc  blende,    galena,   pyrite,   marcasite,  pyrrhotite,   chalcopyrite, 
copper  glance. 
V'.  Sulph-arsenide : 
Mispickel. 

VI.  Antimonide: 

Animikite. 

VII.  Sulph-antimonide :  -  -    * 

Tetrahedrite. 

VIII.  Chloride: 
Cerargyrite. 

IX.  Carbonates: 

Malachite,   azurite,   witherite. 

The  vein  filling  materials  are  quartz,  barite,  calcite,  dolomite,  rhodochrosite  and 
fluorite.     Chlorite,   saponite,  inflammable  gas  and   mineral  water  were  also  found. 

Many  writers  appear  to  have  held  that  the  trap  or  diabase  and  gabbro  which  over- 
lies the  Animikie  rocks  in  this  region  represented  a  vast  surface!  flow.  In  a  paper 
published  some  years  ago  Dr.  A.  C.  Lawson  showed,  however,  that  this  trap,  together 
with  the  layers  of  the  same  material  which  lie  at  a  greater  depth  in  the  Animikie,  is 
intrusive  in  character  (Fig.  17).  His  work  proved  that  these  traps  are  of  the  nature  of 
intrusive  sheets  or  sills  and  that  they  are  not  only  younger  in  age  than  the  Animikie 
but  that  they  belong  to  post-Keweenaw  times. »o 

OTHER  CANADIAN  NICKEL-COBALT  ORES 

The  following  extract  from  the  Report  of  the  Geological  Survey  of  Canada  for  1890- 
91  summarizes  a  number  of  the  known  occurrences  of  nickel  and  cobalt  in  Canada  at 
that  time. 

**It  may  not  be  amiss  to  draw  attention  here  to  certain  other  nickel  and  cobalt 
ores,  or  minerals  containing  a  noteworthy  amount  of  one  or  the  other  of  these  metals, 
which  have  from  time  to  time  been  met  with  in  Canada  in  the  course  of  this  Survey's 
work." 

'*One  of  these,  described  as  a  steel-gray  pyritous  ore,  from  the  Wallace  mine  on 
Lake  Huron,  was  found  by  Dr.  T.  S.  Hunt  to  contain  13.93  per  cent,  of  nickel.  Of 
two  others  found  on  Michipicoten   island     Lake  Superior,   the  one  waa  shown  by  Dr. 


'"  Bulletin  No.  M,  Geological  Survey  of  Minnesota.  1H93. 
n  P.  47  R. 


other  Canadian  Nickel-Cobalt  Ores 


Hunt  to  be  ftn  intimate  mixture  of  the  arseniurets  of  copper  and  nickeli  different 
portions  of  the  same  maM  affording  bim  from  17.03  to  36.39  per  cent,  of  nickel,  whilst 
the  other,  also  examined  bj  Dr.  Hunt,  proved  to  be  a  hydrated  silicate  of  nickel  which, 
after  drying  at  100^.,  was  found  by  him  to  contain  30.40  per  cent,  oxide  of  nickel, 
<eqairaleut  to  23.91  per  cent,  nickel).  The  arsenide  of  nickel,  which  for  present  pur- 
poses may  be  regarded  as  consisting  of  44,1  of  nickel  and  66.9  of  arsenic,  has  also  been 
found  at  the  3A  mine,  on  lot  3A  of  the  township  of  HcOregor,  district  of  Thunder  Bay, 
where  it  occars  in  somewhat  large  nodular  grains  and  nuggetty  buucbes,  together  with 
native  silver,  of  a  similar  form,  freely  disseminated  through  a  gangue  of  calcepar  with 
uime  quarts.  The  foregoing  are  all  rich  ores  of  nickel,  and  shoiiM  the  deposita  on 
Further  exploration  be  found  to  yield  a  sufficiency  of  the  material  these  would,  as 
available  sources  of  this   metal,   prove  of  economic   importance. 


and  his  v^in,  ' 


"Less  important,  by  reason  of  their  occurring  only  in  Unused  quantity  or  as  con- 
taining but  a  relatively  small  amount  of  nickel  or  cobalt^  are  ithe  following: — Millerit* 
or  nickel  sulphide,  a  rich  and  valuable  ore  of  nickel,  occurs-m  small  grains  and  pris- 
matic crystals  disseminated  through  a  mixture  of  cbrome^arnet  and  calcspar  in  a 
vein  on  the  east  side  of  Brompton  lake,  in  the  township  of  Orford,  Province  of  Quebec. 
It  is  also  reported  to  have  been  observed,  in  the  form  of  prismatic  crystals,  disseminated 
through  certain  portions  of  tho  nickeliferbus  ore  of  the  Copper  CliS  mine,  in  the  town- 
ship  of  HcKim,  district  of  Nipissing,  Ontario.  Erythrite  or  hydrous  cobalt  arsenate., 
a  valuable  ore  of  cobalt  when  met  with  in  quantity',  is  mentioned  by  Dr.  Hunt  as- 
occurring  in  rose-red  incrustations  on  calcareous  spar  at  Prince's  mine  on  lake  Superior. 
Smaltite,  a  cobalt  arsenide,  was  observed  by  Mr  E.  B.  K^nrick  in  the  form  of  minute- 
crystals  in  a  sample  of  copper  pyrites  (brought  to  the  Survey  for  examination)  from 
the  township  of  McKim.  district  of  Nipi&sing,  Ontario.  A  sample  of  iron-pyrites  from 
the  seigniory  of  Daillebout,  Jolicttc  county,  Province  of  Quebec,  was  found  by  Dr. 
Hunt  to  contain  0.56  per  cent,  of  oxide  of  nickel  (equivalent  to  0.43  nickel)  mixed  with 
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cobalt,   nnd    a    brilliant    compact    variety    of    iron-pyrites    from   Elisab«thtcwa,  Leeds 
county,  Ontario,  yielded   him  from  0.5  to  0,6  per  cent,   oxide  of  cobalt  (equivalent  to 


9  to  0.47  cobalt),  whilst  a  sample  of 
found  by  me  (Rep.  Geol.  Surv.,  Can 
cobalt  and  0.14  per  cent,  of  nickel." 

The  mineral  dnnaite  was  found  so 
tite  on  the  north  balf  of  lot  6, 


ron-pyrites  from  Londonderry,  Nova  Scotia, 
1874-7S,  p.   316)  to  contain  0.81    per  cent. 


of 


years  ago  in  developing  nickeliferous  pyrrbo- 
3  of  the  township  of  Graham.  Specimens  of 
the  mineral  were  found  to  carry  about  4  per  cent,  of  cobalt. 

Cobalt  bloom  has  also  been  found  on  magnetite  at  the  Dominion  mine  and  at  tbe 
Cross  mine,  lot  2  in  the  second  concession,  in  the  township  of  Madoc,   Hastings  county. 

In  tbe  western  part  of  the  Province  the  mineral  occurs  in  small  quantity  at  tbe 
southeast  corner  of  the  Hay  of  Islands,  Bad  Vermilion  lake. 

In  tbe  Report  of  the  Geological  Survey  for  1848-9,  page  61,  T.  Sterry  Hunt  hu 
this  to  say  concerning  the  ore  of' lEe'TVallace'  mine  at  the  mouth  of  the  White  Fith 
river,  a  partial  examination  only  having  been  made  of  it;, — - 

"The  specimen  was  a  mixture  of  a  steel  gray  arseniuret,  the  species  of  which  I  have 


Fig.  31.     La  Rose 
not  yet  determined,   with  white   iron  pyrites  and   probably  some  arsenioftl  aulphnret  of 

The  percentage  of  cobalt  in  this  ore  was  slight,  only  a  fraction  of  one  per  cent., 
while  the  nickel  ran  about  eight  per  cent.     He  further  says: 

"The  Wallace  mine  is  the  second  place  in  which  cobalt  has  been  detected  in 
Canada.  1  have  already  noticed  it  in  the  form  of  arseniate  of  cobalt,  forming  reddiili 
crnsts  upon  calcareous  spar,  at  Princo's  location  on  lake  Superior.  In  this  localitj  it  ii 
associated  with  vitreous  copper,  green  and  blue  malachite  and  native  silver,  while  othir 
parts  of  the  same  vein  yield  native  silver,  vitreous  silver,  blende  and  copper  pyritBi; 
in  this  connection  it  may  be  mentioned  that  a  mass  of  the  silver  ore  selected  by  myirff 
from  some  hundreds  of  pounds,  as  an  average  sample,  gave  on  assay  3.6014  per  cent,  rf 
^H  M,  [ll] 
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silver,  equal  to  72  lbs.  to  the  ton  of  ore.  A  portion  of  the  silver  extracted  by  a  furnace 
assay  from  this  ore  was  found  on  examination  to  contain  a  small  portion  of  gold  amount- 
ing to  about  one  part  in  7,000  of  silver." 

Speaking  at  this  early  date  Hunt  made  the  remark  which  after  the  lapse  of  a 
lifetime  reads  like  a  prophecy:  'The  detection  of  a  small  portion  of  cobalt  in  associa- 
tion with  these  metals  upon  the  shores  of  lake  Huron  should  lead  us  to  look  for  deposits 
of  this  rare  and  valuable  material." 

FOREIGN  COBALT  DEPOSITS 

Qermany  and  Austria 

Known  deposits  of  cobalt-silver  ore  in  other  countries  which  resemble,  most  closely, 
those  in  the  vicinity  of  Cobalt  station,  are  found  in  Germany  and  Austria.  The  two 
principal  areas  in  these  countries  are  those  of  Joachimsthal  and  Annaberg.  Mining 
was  begun  in  the  former  at  the  end  of  the  fifteenth  or  in  the  early  part  of  the  six- 
teenth century.  The  deposits  of  the  latter,  it  is  said,  were  discovered  in  1492,  a  year 
which  possesses  special  interest  for  inhabitants  of  this  continent,  for  then  Christopher 
Columbus  first  sighted  its  shores. 

The  ores  of  these  two  regions  are  similar  to  those  of  Ontario,  and  include  com- 
pounds of  cobalt,  nickel,  bismuth  and  silver,  with  the  ore  of  uranium,  which  has  not 
been  found  in  the  Ontario  deposits.  With  these  are  silver  ores  of  various  kinds.  The 
rocks  belong  to  the  older  systems,  but  are  different  in  composition  from  those  of  Cobalt. 

An  outline  of  the  history  of  the  cobalt  industry  at  Schneeberg,  another  German  area 
which  contains  ores  similar  to  those  of  Cobalt,  Ontario,  is  given  in  the  appendix  to  this 
report. 

At  Joachimsthal,  in  Bohemia,  there  is  a  series  of  mich  schist,  calc  schist  and  lime- 
stone which  is  cut  through  by  dikes  of  basalt.  The  veins  are  said  to  be  older  in  age 
than  the  diabase  and  cut  all  of  the  other  rocks  mentioned.  The  veins  are  narrow  and 
contain  quartz,  hornstone,  calcite  and  dolomite  as  gangue  material,  and  they  often 
show  a  brecciated  structure".  The  minerals  in  these  ores  are  embraced  in  the  following 
list :  — 

(1)  Silver  ores  (native  silver,  argentite,  polybasite,  stephanite,  tetrahedrite,  prous- 

tite,   pyrargyrite,   sternbergite,  argentopyrite,  besides  *  rittingerite,  acanthite 
.     and  cerargyrite). 

(2)  Nickel  ores  (niccolite,  chloanthite,  miller  it  e). 

(3)  Cobalt  ores  (smaltite  as  well  as  bismuth-bearing  linnseite  and  asbolite). 

(4)  Bismuth  ores  (native  bismuth  together  with  bismuthinite  and  bismuth  ochre). 

(5)  Arsenic  ores  (native  arsenic,  arsenical  pyrites). 

(6)  Uranium  ore  (uraninite  or  pitchblende). 

With  these  are  galena,  sincblende,  pyrite,  marcasite,  copper  pyrites  and  others. 

Among  these  ores  those  of  cobalt  and  nickel  are  generally  the  older ;  those  of  silver 
the  younger.  The  veins  cut  through  dikes  of  quartz-porphyry,  and  are  in  turn  cut 
across  by  basalt  and  later  dikes. 

Of  similar  composition  to  those  of  Joachimsthal  are  the  veins  of  Annaberg  in 
Saxony.  In  this  neighborhood  the  rock  is  gray  gneiss.  There  are  two  groups  of  veins 
in  the  district,  the  younger  carrying  the  silver-cobalt  ores.  These  are  the  most  impor- 
tant of  the  ore  bodies.  The  gangue  material  is  chiefly  heavy-spar,  fluor-spar,  quartz 
and  brown-spar  with  various  cobalt,  nickel  and  bismuth  ores,  namely;  chloanthite, 
smaltite,  red  and  white  nickel  pyrites,  annabergite,  native  bismuth,  rarely  bismuthinite. 
Of  the  silver  ores  there  are  pyrargyrite,  proustite,  argentite,  native  silver,  silver 
chloride,  and  Anally  iron  pyrites.  The  subordinate  minerals  are  the  gangue  materials, 
hornstone,  chalcedony,  amethyst,  calcite,  aragonite,  kaolin,  gypsum;  among  ores  are 
copper  pyrites,  galena,  zincblende,  marcasite,  tetrahedrite,  siderite,  uraninite,  uran- 
ochalcite,  uranochre,  gummite,  native  arsenic. 

"Beck :  "  Tbe  Nature  of  Ore  Deposits." 
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The  great  amount  of  chloride  of  silyer,  which  was  mined  on  a  large  scale  at  one 
time,  is  interesting.     The  structure  of  the  veins  is  irregular. 

From  more  than  200  obserrations  which  have  been  made  the  following  is  giren  as 
the  relative  ages  of  the  various  minerals  of  the  Annaberg  veins :  — 

V.  Decomposition  products,  for  example,  annabergite  and  cobalt  bloom. 

IV.  Silver  ores  and  native  arsenic. 

III.  Calcite  and   uraninite. 
II.  Brown-spar  and  cobalt-nickel-bismuth  ores. 
I.  Ueavy-spar,  fluor-spar  and  quarts. 

The  silver-cobalt  veins  cut  across  the  older  tin  and  lead  veins  of  the  district  as 
well  as  the  dikes  of  microgranite  and  lamprophyre.  The  latter,  especially,  is  often  cat 
by  the  silver-cobalt  veins.  These  are  cut  by  basalt,  which  occurs  not  only  in  true 
dikes,  but  also  in  boss-like  forms. 

Somewhat  similar  silver-cobalt  ores  are  found  in  certain  veins  at  Schneeberg,  but 
they  are  not  so  strikingly  like  those  of  Temiskaming,  in  mineral  composition,  as  are 
those  of  Joachimsthal  and  Annaberg. 

A  like  association  of  ores  is  found  at  Wittichen,  where  the  veins  occur  in  granite. 

In  1904  only  one  cobalt-silver  mine  in  Germany  had  a  production  worth  consideration. 
This  is  in  the  Schneeberg  field.  Its  output  was  valued  at  about  $192,147.  The  values 
were  in  silver,  cobalt,  nickel,  bismuth,  arsenic,  uranium,  samples,  etc.  The  works  in 
which  these  ores  are  treated  in  Germany  are  at  Schneeberg  and  are  known  as  the  ''blue 
color  works."  Both  the  government  and  private  companies  are  interested  in  the 
industry  (See  appendix). 

According  to  Von  Cotta,  the  Joachimsthal  district  consists  of  mica  schist,  together 
with  more  or  less  hornblende  schist  and  crystalline  limestone,  the  whole  being  cut  by 
numerous  dikes  of  quartz-porphyry  and  basalt.  There  are  also  two  large  granite  masses 
which  rise  out  of  the  mica  schist.  There  are  lodes  of  tin,  silver  and  iron.  Tin  lodes  are 
found  only  in  the  granite  region.  Silver  lodes  are  divided  into  four  groups  tolerably 
distinct  from  one  another.  One  set,  which  has  a  strike  in  a  certain  direction,  contains 
about  17 ;  another  set  has  21  lodes.  There  are  also  lodes  which  do  not  come  to  the 
suiface.  Both  classes  of  lodes  are  said  by  Von  Cotta  to  intersect  the  mica  schist,  with 
all  its  subordinate  strata,  quartz-porphyry  and  often  even  the  dikes  of  basalt  and 
wacke.  This  author  also  says  that  there  seem  to  be  cases  where  dikes  of  the  last  have 
intersected  lodes  or  have  penetrated  into  their  fissures,  from  which  it  may  be  deduced 
that  the  silver  lode.j  were  almost  contemporaneous  with  the  formation  of  the  basalt 
in  that  their  fissures  in  part  follow  the  basalt  dikes,  in  part  are  intersected  by  the  basalt. 
At  all  events  they  stand  in  a  certain  genetic  connection  to  the  porphyry,  which 
here  is  evidently  of  much  greater  age  than  the  basalt.  The  subject  is  still  somewhat 
obscure.  The  silver  lodes  have  not  yet  been  found  in  the  granite.  Other  writers  do 
not  agree  with  Von  Cotta,  as  they  appear  to  claim  that  the  basalt  is  younger  than  the 
veins. 

The  following;  notes  are  taken  from  Phillips'  "Ore  Deposits,"  p.  436.  The  moun- 
tains known  as  the  Erzgebirge  lie  on  the  boundary  between  Saxony  and  Bohemia. 
•Toachinisthal  lies  on  the  Bohemian  side,  and  is  therefore  an  Austrian  town,  while  Anna- 
berg is  in  Saxony. 

The  country  rock  in  the  neighborhood  of  Joachimsthal  is  for  the  most  part  mica 
schist  enclosed  between  masses  of  granite.  In  the  eastern  portions  of  the  mine  where 
there  are  some  masses  of  included  limestone,  the  lodes  usually  carry  calcite  as  the  pre- 
dominating veinstone,  but  in  the  western  part  where  the  veins  are  not  infrequently 
as.sociated  with  dikes  of  porphyry,  the  ganguo  is  almost  entirely  quartzose.  There  are 
seventeen  veins  striking  north  and  south  and  seventeen  others  of  which  the  direction  ^ 
east  and  west.  It  has  been  constantly  observed  that  the  former  exhibit  a  tendency  to 
become  enriched  where  they  pass  through  the  porphyry  or  included  limestone,  while  the 
latter  set   of   veins   are  not   similarly   affected   when   they   come   in   contact  with  these 
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rocks.  The  ores  rftised  contained  values  in  silTer,  cobalt,  nickel,  biBniuth  and  uranium. 
In  thf  eastern  division  of  the  mine  there  are  two  shafts  situated  about '260  fathoms 
apart,  the  Einigkeit's  shaft  and  the  Kaiser  Jowf  shaft  (Fig   32).  ' 


•  folioviiig  statement  made 


Fig.  32.  Verticil]  Medi'm  tliriiu);))  the  Knitier  Jocpf  nnd  Einigkeit  shufts  at  JoRchimethal 
ahowinp  Beveral  narrow  vfiiii*  Ipitif!),  iiiid  lUkoe  of  diolMBe  (Bl .  Tht^  vein?  in  mineral  i«n- 
tentt^.  piiie  and  distribution  resemble  t)uiHfof  Colwit,  Out.     (After  Babaiit-k-Bcck). 

In  1864  when  the  former  .sh.ift  bad  reached  d  depth  of  '2Bli  fathoms,  a  heavf  ont- 
biirnt  of  wat^r.  at  a  temperature  of  26  C.  and  evolving  sulphuretted  hydrogen,  took 
place  and  greatly  interfered  with  underground  operations.  It  took  two  years  before 
tbiK  water  could  be  successfully  tubbed  off  and  mining  proceeded  with. 

It  ix  interesting  to  know  that  the  uranium  ores  of  Joachimsfhal  took  on  an  additional 
value  two  or  three  years  ago,  when  it  was  found  that  uraninite  was  the  chief  commer- 
cial source  of  radium. 

The  character  of  the  ore  produced  will  he  afen 
by   Phillips:  — 

During  the  period  from  1877  to  1880  there  were  obtained  29}  tons  of  ore.  containing 
4,497  o«.  of  silver.  198  lbs.  bismuth,  878  lbs.  uronic  oxide.  IJ  tons  arsenic  and  3U  Ibi. 
of  cobalt-nickel  with  a  little  lead,  representing  a  total  value  of  £1,687. 

"About  this  time  it  became  evident  that  the  iiranie  oxide  was  the  most  valuable 
product  of  these  mines,  and  workings  were  especially  directed  to  develop  the  minerals 
yielding  it.  From  1S81  to  1886  the  average  annual  production  was  .18  tons  of  silver 
and  uranium  ores,  worth  about   £6.520." 

It  is  thus  seen  that  these  Joachimsfhal  veins,  during  late  years  at  least,  cannot  be 
i^umpared  in  richness  with   tbose   of  the   Temiakaming   district. 

Chalanches,  France 

Somewhat  similar  silver,  cobalt,  and  nickel  ores  occur  in  a  network  of  narrow  vein* 
in  crystalline  achist  at  the  ChalBnches,  in  the  Dauphin^,  France.  These  deposits  were 
discovered  in  1767  and  have  had  an  interesting  history.  They  were  described  some 
years  ago  by  Mr.  T.  A.  Richard  (Trans,  Am.  Inst.  M.  E.  Vol.  XXIV.) 

The  following  extracts  are  from  Mr.  Rickard'a  interesting  paper: 

"In  southeastern  France,  among  the  magnificent  Alpine  masses  of  the  DauphinA, 
there  is  a  group  of  celebrated  mines  of  silver,  nickel  and  cobalt  ores,  the  deposits  of 
which  present  many  features  of  interest 

"The  discovery  of  these,  as  of  many  other  notable  mines,  was  accidental.  In  1767, 
Marie  Payen,  a  sbepherdeas  (berg^re)  of  Allemont,  found  an  outcrop  of  silver  ore,  and 
brought  away,  in  ignorant  i^uriosity,   a   lump  of  heavy  stone,   which  she  handed  to  the 
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village  smith.     Whoii    tesU'd   iiii    his  forKe.  the  niolt«ii  silver  trickled    from  it.     The 

shepherdess  reccirrd  GOO  francs  upon  her  iredding  daj  u  s  reward  for  the  ducover;.    , 

''The  record  of  tho  Chalancbes  presents  a  stor;  simiUr  to  that  which  is  told  of 

■■  iiioilcrn    miiiinfi   districts.      The   inBcrpsiibility  of   1 


Pig.  33.  Cobalt  Station,  June,  1905. 
the  richness  uf  the  ore,  its  great  fusibility,  and  tho  consequent  systematic  robbery  of 
the  silver  are  local  commonplocee.  Circunutancea  all  worked  together  to  maka  the 
Ghalanches  mines  the  prpy  of  the  most  barefaced  plunder.  With  the  aid  of  a  common 
forge-fire,  even  without  the  intorventinn  of  a  crucible,  and  with  little  knowledge  or 
skill,   lamps  of  silver  could  be  prodiiced  from  the  very   rich  chlorides,   ruby  silver  and 


furnaces  dug  out  by  tli 

ore   smelting.      In   these   f 


■iriini'^..lli,v,  (\.U\\t,  .litly,  ISHMi. 

which   constituted   in  the  main  tho  soft  earthy  ores  or  (errei  found  in 

the   outcrop.      Aged   inhabitants  still   talk   sportively  of  the   theft   lite 

il  point  out  nooks  in  the  woods  which  the  remaining  ruios  of  tb*  little 

linors,  show  to  hav(-  been  the  scene*  of   former  illicit  silver- 


I   larger   tliii 


dug  in  the 


1905  Foreign  Cobalt  Deposits  65 


earth  and  smeared  with  clay,  with  charcoal/ or,  failing  that,  clods  of  dung  for  fuel, 
and  two  or  three  little  urchins  to  blow,  like  cherubs  on  the  old  maps,  out  trickled  the 
white  metal.  Clergy  and  people  joined  cheerfully  in  these  moonlighting  operations 
without  in  any  degree  shocking  local  ethics.  The  priest  at  AUemont,  who  lately  restored 
the  parish  church,  says  that  the  old  church  had  a  room  adjoining  the  sacristry  in  which 
a  former  reverend  father  used  to  melt  down  silver-ore  brought  to  him  by  the  faithful. 
The  slags  were  concealed  in  an  excavation  under  the  floor,  where  a  large  accumulation 
of  them  was  found  when  the  church  was  restored 

"During  the  earliest  period  of  mining  at  the  Chalanches,  some  bodies  of  extremely 
rich  ore  were  found  near  the  surface.  It  is  said  that  two  shots  produced  sufficient  silver 
to  pay  for  the  two  buildings  known  as  the  pavilions  of  AUemont,  with  their  various 
ornamentations,  including  the  fievrs-de-lis  which  still  adorn  the  roof.  As  200  to  300 
kilos,  of  silver  would  at  that  time  be  worth  from  $10,000  to  $16,000,  this  statement  does 
not  seem  incredible.  

"It  is  not  a  little  remarkable  that  although  the  silver  is  always  associated  in  the 
lodes  with  rich  nickel  and  cobalt  ores,  often  with  bunches  of  stibnite,  and  more  rarely 
and  erractically  with  gold,  the  government  engineers  took  no  notice  of  any  metal 
other  than  silver.  None  of  the  valuable  metals  mentioned  figure  in  the  old  accounts. 
The  speiss  containing  nickel  and  cobalt  was  rejected  with  the  slags,  and  went  to  fill 
the  swamps  and  to  form  the  road-beds,  which,  in  later  times  were  furrowed*  and  turned 
over  to  recover  their  valuable  contents 

"The  possibility  of  utilising  three  metals  instead  of  one  seems  to  have  dawned 
apon  the  engineers  quite  as  a  discovery;  and  this  fact  stimulated  the  repeated  spas- 
modic attempts  to  rehabilitate  the  old  mine.  The  arsenides  of  nickel  and  cobalt  were 
sold  in  England  and  Germany.  More  recently,  a  German  chemist  was  employed  at 
AUemont  in  an  experiment  to  manufacture  cobalt  pigments  for  the  arts.  He  was  not 
successful,  and  the  attempt  was  abandoned. 

"In  1891  the  gold  value  was  first  recognized.  Its  importance  proved  greater  from 
a  scientific  than  from  a  commercial  point  of  view.  The  old  mine- workings,  aggregating 
20  kilometers  in  length,  showed  that  a  great  deal  of  nnsuccessful  exploration  had  been 
carried  out.  Search  among  the  galleries,  particularly  near  the  surface,  resulted  in 
the  finding  of  certain  rich  bunches  of  ore,  which  were  soon  exhausted.  An  attempt 
to  introduce  the  tribute  or  lease  system  was  made,  with  partial  success 

Tlie  Ore  Deposits 

"The  geological  formation  is  simple.  A  net  work  of  veins  traverses  crystalline 
schists  of  very  variable  character.  The  country  forms  a  part  of  the  great  crystalline 
formation  usually  referred  to  as  the  Archaic  schists  of  the  Alps,  though  in  point  of 
fact  they  probably  include  rocks  from  the  granite  up  to  the  Carboniferous.  Litholog- 
ically,  certain  sections  suggest  the  Huronian  and  Laurentian.  These  schists  lie 
immediately  upon  the  granite;  they  are  extremely  variable  in  character,  so  that  at 
different  places  they  can  be  described  as  gneissose,  granitoid,  talcose,  micaceous, 
graphitic,  or  amphibolic.  At  the  base  of  the  slope  leading  to  the  mines  there  are 
superb  blocks  of  rock  containing  crystalline  epidote 

"The  maps  of  the  mine  exhibit  a  wonderful  network  of  galleries,  spreading  like 
a  cobweb  over  an  area  of  about  600  by  300  meters. 

"It  is  computed  that  the  workings  aggregate  in  length  not  less  than  twelve  miles, 
an  extent  in  remarkable  contrast  to  the  relatively  small  quantity  of  ore  produced.     .     . 

"It  has  been  thought  by  several  observers  that  the  lodes  were  more  numerous  near 
the  surface  than  in  the  interior  of  the  mine.  This  is  due  to  the  fact  that  any  single 
fissure,  in  approaching  the  surface,  spreads  itself  out  into  a  number  of  subordinate 
fractures.  It  has  also  appeared  that  the  lodes  gained  in  regularity  as  they  penetrated 
the  mountain.  Caillaux,  therefore,  adds  that  this  fact  seems  to  indicate  the  probable 
occurrence  in  depth  of  only  a  small  number  of  lodes  but  that  those  surviving  will  have 
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a  regularity  greater  thmt  those  which  have  lieen  hitherto  expluitod.  H«gul«ritf  of 
■trui^tiir?  wniild  be  s  poor  compensation  to  the  miner  for  the  fact  that  the  enclosing 
rock  is  much  harder,  and  tlie  thiclfnesB  of  ore  smaller,  than  in  the  Kraiind  nearer  thif 
daylight. 


'■' r.<'.  t'ohiilt,  Ndvcmber.  1005, 

II  a  knife-blade  to  80  centimeters  (31.5  inches):  th#if 
uid  ;iO  eentimontors  {0.1  to  1  foot) 
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^Examination  of  the  old  workings  proves  clearly  that  with  increasing  distance  from 
the  surface  the  country  gets  harder,  the  veinstuff  loses  its  soft  character,  the  veins 
become  fewer  in  number,  more  regular,  less  wide  and  less  ore-bearing.  Approaching 
the  surface,  on  the  contrary,  the  schists  are  fractured  in  a  multiplicity  of  directions, 
the  veins  become  larger,  their  filling  is  generally  earthy  and  they  throw  off  branches,  at 
the  intersections  of  which  ore  bodies  are  found.  In  general,  mineralization  becomes 
more  pronounced  with  approach  to  daylight ;  this  being  due,  not  merely  to  the  oxidation 
of  the  sulphides  but  to  an  actual  relative  increase  of  'orey'  matter. 

"The  observations  made  from  day  to  day  led  me.  to  conclude  that  the  richest  part 
of  the  mine  was  that  which  was  within  the  influence  of  oxidation,  and  that  both  chemical 
agencies  and  structural  conditions  favored  an  enrichment  of  ore  near  the  surface.    This 
statement  is  particularly  applicable  to  the  silver  contents.     It  also  holds  true  of  the. 
ii^oldy  but  it  is  less  accurate  with  respect  to  the  nickel,  ^nd  cobalt.     The   richness   in 
silver  of  the  oxidized  ores  suggests  secondajry  precipitation.     This  is  confirmed  by  the 
fact  that  the  silver  appears  to  be  thrown  down  upon  the  nickel  and  cobalt  arsenides, 
and  often  envelops  them  in  such  a  way  as'  to  impart  to  them  the  rudiments  of  a  nodular  . 
structure.     The  iiard,   undecomposed  arsenides  contain  only   small   amounts   of   silver.. 
The  gold,  only  occasionally  present,  is  associated  invariably  with  soft,  maroon-colored,  ,^ 
earthy,  iron-bearing  vein  stuff.     The  nickel  and  cobalt  minerals  appear  to  be  primary  ^ 
ones,  and  are  more  persistent  than  those  of  silver  and  gold 

"If  we  accept  the  current  theory  that  the  nickel  and  cobalt  came  from  the  leaching 
of  magnesian  silicates,  (and  facts  are  numerous  pointing  that  way),  then,  we  mutt 
conclude  that  the  origin  of  the  nickel  ana  cobalt  of  the  Chalanches  was  not  the  imme- 
diately enclosing  country,  but  rocks  similar  to  it,  which  underlie  it  at  a  greater  depth. 
The  silver  and  gold,  it  may  be  suggested,  were  precipitated  from  other  solutions,  and 
at  a  period  other  than  that  which  saw  the  deposition  of  the  nickel  and  cobalt.  The 
precious  metals  were  probably  derived  from  a  deeper-seated  source;  and  may  have  been 
leached  from  the  granite  which  underlies  the  schists  and  is  penetrated  by  the  basic ' 
«»ruptives.  In  both  cases  the  various  metals  must  have  come  from  a  depth  where ; 
leaching  action  was  powerful,  and  from  which  ascending  currents  brought  the  metallic 
constituents,  the  subsequent   precipitation   of    which  produced  valuable  ore-deposits." 

Norway 

"The  cobaltiferous  fahlbands  of  the  districts  lying  around  Skutterud  and  Snarum 
occur  in  crystalline  rocks  varying  in  character  between  gneiss  and  mica  schist,  but  from 
the  presence  of  hornblende  they  sometimes  pass  into  hornblende  schists.  These  schists, 
of  which  the  strike  is  north  and  south  and  which  have  an  almost  perpendicular  dip, 
contain  fahlbands  very  similar  in  character  to  those  of  Kongsberg.  They  differ  from 
those  of  that  locality,  however,  in  as  much  as  while  here  the  fahlbands  are  often  snf9- 
ciently  impregnated  with  ore  to  pay  for  working,  those  of  Kongsberg,  although  to 
some  extent  containing  disseminated  sulphides,  are  only  of  importance  as  zones  of 
enrichment  for  ores  occurring  in  veins.  The  ore  zones  usually  follow  the  strike  and 
dip  of  the  surrounding  rocks  and  vary  in  breadth  from  2^  to  6  fathoms.  The  distribution 
of  the  ores  is  by  no  means  equal,  since  richer  and  poorer  layers  have  received  special 
names  and  are  easily  recognized.  The  predominant  rock  of  the  fahlbands  is  a  quartzose 
granular  mica-schist  or  gneiss.  The  ores  worked  are  cobalt-glance,  arsenical  and  ordi- 
nary pyrites  containing  cobalt,  skutterudite,  magnetic  iron  pyrites,  copper  pyrites, 
molyb'Henite  and  galena.  It  is  remarkable  that  in  these  mines  nickel  ores  do  not 
accompany  the  ores  of  cobalt  in  any  appreciable  quantity.  The  principal  fahlband  is 
known  to  extend  for  a  distance  of  about  six  miles,  and  is  bounded  on  the  east  by  a 
mass  of  diorite  which  protrudes  into  the  fahlband,  while  extending  from  the  diorite  are 
small  dikes  or  branches  traversing  it  in  a  zig-zag  course.  It  is  also  intersected  by  dikes 
of  coarse-grained  granite  which  contain  no  ore,  but  which  penetrate  the  diorite."  13 


M.  Phillips.  Ore  Depaslte. 
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These  dppcisttH.  which  at  one  time  were  among  the  world'f^  chief  producers  of  cobilt, 
sro  too  low  grade  to  be  now  worked  at  k  profit. 

New  Caledonia 

Ah  the  table  given  below  shows,  there  hare  been  during  late  yean  about  half  t 
dozen  countricE  supplying  the  world  with  cobalt.  The  output  of  New  Caledonia  ii  much 
larger  than  that  of  any  other  country.  It  produces  probably  85  or  90  per  cent,  of  the 
wi.ild's  supply. 

Since  the  ore  from  Ontario  haa  been  put  on  the  market  the  prices  seem  to  ban 
fallen  materially  in  New  Caledonia.  Tt  seems  strange  that  Ontario  should  be  practically 
thif  only  competitor  which  this  French  penal  colony,  in  the  southern  Pacific,  has  in 
biith  nickel  and  cobalt.  Tho  rivalry  between  the  two  countries  in  the  production  of  the 
former  metal  has  attracted  attention  for  a  number  of  years.  It  is  now  the  more  sur- 
prising that  this  ProTincG  becomes  a  competitor  with  the  island  in  another  way. 


iber,  1905. 


The  cobnlt  deposits  of  Nuu-  Caltdoiiin  occur  under  similar  conditions  to  those  of 
iiiirkcl  n[](!  tlie  tivo  metals  ore  fr('(|ueutly  nssoci.ited  in  economic  quantities.  Tbe 
ilepiisitsi  o1  the  two  metals  in  Onfario.  on  the  iither  hand,  occur  under  conditions  different 
triim  MuiM>  111'  Now  Calcdonin.  and  there  appears  to  be  little  connection  between  the 
cobnlt  ll^■ll'••■[l^  of  TcmiskamiriK  nnd  (he  Sudbury  nickel  ores  ninety  miles  to  the  south- 
wcfl.  Tin-  Sudbury  ore  ronsi-ils  iif  pyrrhotite  nnd  copper  pyrites.  It  is  associated  with 
1ln^ic■  ii;rioctii>  rucks,  the  rii'prjsit.^  bcini;  suppiisi'd  to  he  of  igneous  origin.  The  cobalt- 
silver  (icpiisits.  im   Ibe  other   hand,  occur  in  distinct   veins   and  are  of  aqueou.s   origin. 

New  C:ilc'd('niii  is  a  uon-glnciiited  country.  Over  a  considerable  part  of  its  surface 
the  [muiedinlely  iinderlyinR  solid  rock  belongs  tn  the  basic  igneous  group  known  as 
peridotil...  Till.-  rcK-k.  like  ..th.T  l.ii-.[e  vnri.-tie-.,  wentb.Ts  readily,  and  over  a  largo  part 
of  the  surface  of  New  Cali'r]r»iiii  it  is  reprcBCMteil  by  its  alteration  product,  serpentine. 
The  surface  of  thi.s  serpentine  is  more  or  les.s  broken  down,  forming  comparatively  loose 
or  slightly  coberoiit  deposits.  Tt  i^  in  association  with  these  that  the  cobalt  is  found, 
its  nro  being  what  if  known  as  asboliti-,  I'artby  eiib.Tli  or  cobalt  if  crotis  wad.     Asholite  is 
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»  mixtare  of  oxides  of  cobalt,  manganese  and  other  metals.  It  can  hardly  be  called  a 
distinct  mineral.  It  has  been  proved  that  the  cobalt,  nickel  and  other  metals  foand  in 
this  decomposed  rock  were  originally  constituents  of  the  peridotite. 

The  peridotites  are  belieyed  by  some  writers  to  be  post-Cretaceous  in  age,  and  are 
said  to  be  in  the  form  of  a  surface  flow  covering  the  uneven  or  eroded  surface  of  the 
underlying  Cretaceous  strata. 

They  constitute  the  great  serpentine  formation  of  New  Caledonia,  and  are  high  in 
magnesia  and  low  in  iron.  They  are  more  or  less  charged  when  fresh  with  crystals  of 
pyroxene,  uniquely  ferro-magnisian,  which  lies  between  enstatite  and  bronsite.  The 
unaltered  rock  belongs,  therefore,  in  Bosenbusch's  classification,  to  hareburgite.  Dunite, 
which  is  composed  of  olivine  with  chrome  iron  ore  and  without  pyroxene,  is  met  with 
at  times.  These  peridotites  usually  show  traces  of  advanced  alteration  which  results 
in  the  more  or  less  complete  transformation  of  olivine  to  serpentine,  and  in  the  develop- 
ment of  talc  from  pyroxene.  At  times  the  alteration  is  complete  enough  to  produce 
perfect  serpentines,  uniquely  constituted  of  an  aggregate  of  crystals  of  antigorite  with 
some  films  of  talc. 

Since  these  rocks  always  contain  a  little  manganese,  nickel  and  cobalt,  it  would 
appear  that  these  metals  are  integral  of  the  olivine  as  well  as  of  the  enstatite.  Grains 
of  chrome  iron  ore  are  abundant  in  all  samples. 

The  rocks  are  often  traversed  by  dikes,  less  basic,  of  the  character  of  gabbro,  that 
is  to  say,  rocks  which  contain  feldspar  and  pyroxene.  Diorites  fine  in  grain  or  at 
times  holding  large  crystals  of  hornblende  sometimes  outcrop  in  the  middle  of  serpen- 
tine exposures. 

Much  of  the  mineral  mined  appears  to  contain  only  two  or  three  per  cent,  of  oxide 
of  cobalt.  After  washing,  it  averages  probably  4^  per  cent.  In  one  deposit  described 
by  Glasser,  it  is  said  that  the  decomposed  material  occupies  a  profound  depression 
in  the  serpentine.  This  basin  is  filled  by  a  red,  clay-like  deposit  which  has  a  depth  of 
about  52  metres  in  the  centre  and  10  or  12  metres  around  the  border.  The  richest  ores 
appear  to  occur  near  the  centre  of  the  basin  and  near  the  contact  of  the  serpentine. 

It  will  be  seen  that  all  the  cobalt  deposits  are  irregular  in  form,  and  hence  it  is 
difficult  to  estimate  their  value. 

The  cobalt  ore  is  all  exported  in  the  unrefined  state. 

The  metal  comes  on  the  market  in  the  form  of  oxide,  CoO,  which  finds  use  in  small 
quantities  in  several  industries,  the  principal  being  that  of  pottery,  where  the  blue 
coloration  which  it  tends  to  give  to  the  ware  is  employed  to  counteract  the  reddish 
tinge  that  traces  of  iron  so  often  produce.  It  is  also  used  to  color  porcelain,  enamels 
and  glass.  The  properties  of  metallic  cobalt  are  remarkable.  It  would  be  used  in 
alloys  and  for  purposes  to  which  nickel  is  put  if  it  were  {is  low  in  price  as  the  latter 
metal.  The  di£Ferent  uses  of  cobalt,  which  absorb  annually  about  200  to  260  tons  of 
oxide,  guarantee  a  regular  demand  for  the  ore.u 

Mr.  A.  Glasser,  from  whose  **Report  in  1904  to  the  Minister  of  the  Colonies  on  the 
Mineral  Wealth  of  New  Caledonia''  the  foregoing  is  taken,  states  that  New  Caledonia 
has  practically  a  monopoly  of  the  production  of  cobalt  in  the  whole  world.  He  further 
says  that  while  the  deposits  of  the  mineral  are  capricious  they  are  at  the  same  time 
numerous  and  extended. 

This  monopoly  has  now  been  broken  by  the  discovery  of  the  Ontario  deposits. 

At  the  time  of  Mr.  Glasser' s  visit  to  the  colony,  the  prices  paid  for  cobalt  ore  were 
about  as  follows :  — 

Mineral  with  4  per  cent.  CoO  330  Fr.  a  ton  ($66) 

Mineral  with  3  to  3^  per  cent,  was  paid  on  the  same  basis, 
145  fr.  and  with  an  increase  of  .60  fr.  for  each  1-10  of 
1  per  cent.,  above  195  Fr.  a  ton 


i«It  may  be  added  that  the  method  of  manufacturing  blue  cobalt  glass  has  been  known  almost  from  pre 
historic  times,  as  the  glass  has  been  found  in  the  graves  of  Uie  ancient  Egyptians  and  in  the  nilns  of  Troy. 
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From  4  to  5  pej:  cent.,  for  each  1-10  of  1  per  cent,  above 

4  per  cent.,  there  was  paid  80  Fr. 

From  5  to  6  per  cent.,  for  each  1-10  of  1  per  cent,  in  excess 

of  6,  was  paid 90  Fr. 

From  6  to  7  per  cent.,  for  each  1-10  of  1  per  cent,  above  6,  was 

paid   1.       Fr. 

Above  7  per  cent.,  for  each  1-10  of  1  per  cent.,  was  paid....     1.50  Fr. 

On  this  basis  mineral  carrying  8  per  cent,  brings  760  Fr.  ($150)  a  ton. 

Production  of  Cobalt  1896  to  1900 


Country. 


1896. 


1«97. 


1898. 


1899. 


191  a 


Tons.   ,  Value.     Tons,  I  Value. 


New  Caledonia... 
New  South  Walfs 

Chill 

Spain 

Norway 

Prussia 


I  francs  ■ 
4.823    482,300, 


4,757 


IH 
19 


9.000, 
181      49.S40I 


francs 
475.700 


e  780 

13  17,000 

24',  18.500 

1211  31,280 


Total 


5.051     .'V54.140'       4.921     538,206 


Tons.     Value.      Tons.    Value. 


I  francs 

2.873|  237,800 

119!  14.000 

18  4,540 


I  francs 

3.2941  336.000 

193'  22,975 

55|  20.450 


Tons.     Value. 


21^     10.800; 


34 


8,500 


2,565    275.140 


17 


3,559 


4.250 


383,675 


■  francs 

2,438  275.dOO 

145;  39,750 

27  10,060 

•••■job 


2.6I4;  326.110 


1  franc— 20  cents. 


This  total  was  augmented  by  some  tons  of  complex  mineral  mined  in  diCFerent 
parts  of  Germany  and  Austria,  from  which  a  little  cobalt  was  produced. 

Taking  the  world's  consumption  of  cobalt  oxide,CoO,  at  200  to  250  tons  a  year,  as 
given  above,  the  2,614  tons  of  ore  produced  in  1900  would  need  to  contain  on  the  average 
over  8  per  cent,  of  the  oxide.  The  price  of  the  ore  averaged,  as  shown  by  the  table, 
approximately  125  Fr.  or  $25  a  ton.  It  may  be  added  that  cobalt  oxide,  CoO,  contains 
78.66  per  cent,  of  cobalt  and  21.34  per  cent,  of  oxygen  by  weight.  The  Temiskaming 
ore  is  sold  on  the  basis  of  metallic  cobalt,  not  on  that  of  the  oxide  as  in  New  Caledonia. 

New  South  Wales 

The  second  largest  producer  of  cobalt  in  the  world  has  been  New  South  Wales. 
The  deposits  in  this  country  are  situated  near  Port  Macquarie  and  are  similar  in 
character  to  those  of  New  Caledonia. 

In  1903  the  quantity  of  eobalt  ore  exported  from  the  deposits  near  Port  Macquarie 
amounted  to  153  tons  valued  at  £1,570. 

South  Australia 

Cobalt  ore,  containing  smaltite  and  other  minerals,  is  found  at  Bimbowrie.  nesr 
Clary,  on  the  Broken  Hill  line,  but  little  work  has  been  done  on  the  deposit. 


South  Africa 

While  silver  has,  as  we  have  seen,  been  worked  in  association  with  cobalt,  the  latter 
metal  has  been  very  seldom  found  in  association  with  gold  in  important  quantities. 
Reference  to  only  one  such  occurrence  has  been  seen  by  the  writer.  This  is  in  the 
Middleburg  district  in  the  northern  Transvaal.  Here  in  this  non-glaciated  district  the 
gangue  material,  in  the  vein  to  which  reference  has  been  made,  is  kaolin,  with  which 
is  mixed  gold-bearing  quartz.  In  the  latter  mineral  are  small  nest^ikei  aggregations 
of  smaltite  and  copper  ores,  and  at  times  molybdenite  and  the  secondary  minerals  cobslt 
bloom,  limonite  and  skoradite. 
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United  States 

Up  to  the  present  time  there  has  been  more  or  less  production  of  cobalt  oxide  in 
the  United  States.  Some  of  this  came  from  the  cobalt  associated  with  the  nickel  ores 
at  Sudbury,  Ontario.  In  the  process  of  smelting,  which  is  now  used  at  Sudbury,  the 
cobalt  is  slagged  out  of  the  matte.  Hence  none  of  this  metal  will  be  produced  in  the 
future  from  Sudbury  matte  in  the  United  States.  According  to  the  "Mineral  Indus- 
try/' in  1902  there  was  no  production  of  cobalt  oxide  from  domestic  ores  in  the  United 
States.  In  1901,  13,360  lbs.  of  cobalt  were  derived  from  slag  produced  in  the  smelting 
of  the  lead  ores  at  Mine  La  Motte,  Missouri.  In  1903  cobalt  and  nickel  are  said  to 
hare  been  discoyered  near  Marion,  Kentucky,  in  association  with  the  fluorspar  in  that 
region.  In  the  same  year  the  Mine  La  Motte  Company  undertook  the  construction  of 
a  smelter  and  refinery  for  treating  the  nickel  and  cobalt  ores  obtained  in  connection 
with  lead  mining. 

It  is  said  that  a  few  years  ago  one  or  two  small  trial  shipments  of  cobalt  ore  from 
deposits  in  Grant  county,  Oregon,  were  made  to  France.  The  deposits  in  this  county 
are  described  as  occupying  fissures  in  a  dark  greenish,  more  or  less  altered  diabase- 
porphyry.  They  have  a  general  northeasterly  and  southwesterly  strike,  and  dip  south- 
east. The  ore  bodies  appear  to  be  more  or  less  lenticular  in  shape  and  yary  from  a 
few  inches  to  several  feet  in  width.  The  principal  minerals  are  chalcopyrite,  smaltite, 
arsenopyrite,  pyrite,  pyrrhotite,  malachite  and  bornite  with  a  quarts  and  calcite 
gangue.  The  values  are  chiefly  in  gold,  cobalt  audi  copper.  Smaltite  from  a  sample 
of  the  ore  carrying  this  mineral  and  chalcopyrite  was  found  by  Mr.  Burrows  to  have 
the  following  composition  (No.  1).  This  smaltite  had  a  rather  unusual  appearance, 
resembling  somewhat  acicular  or  fine  columnar  stibnite.  In  composition  it  is  close  to 
that  from  Gunnison  county,  Colorado,  an  analysis  of  which  is  given  by  Dana  (No.  2). 

No.  1.  No.  2. 

Cobalt   14.88  11.69 

Nickel    : 1.12  trace 

Arsenic    64.06  68.82 

Sulphur   67  1.65 

Iron  11.14  16.99 

Insoluble    2.22  etc. 

Calcium   carbonate    6.34 

Total  100.33 

Mexico 

Cobalt-holding  minerals  have  been  found  at  several  localities  in  Mexico.  Little 
has,  however,  been  published  concerning  these  occurrences^.  Near  the  village  of  Pihua- 
mo,  state  of  Jalisco,  cobalt  minerals  are  found  in  veinlets  cutting  a  large  vein  of  mag- 
netite associated  with  pyrite  and  pyrrhotite.  The  chief  rock  in  the  vicinity  is  described 
-  as  andesite.  It  is  said  that  some  tons  of  ore  have  been  mined  which  contained  8  or  9 
per  cent,  of  cobalt.  The  minerals  are  cobaltite  together  with  small  quantities  of  smal- 
tite- and  cobalt  bloom.  The  veinstones  are  calcite,  slightly  greenish,  and  a  little  barite. 
A  little  nicc6lite  appears  to  be  present. 

The  following  Mexican  localities  are  also  said  to  contain  cobalt  minerals :  Iturbide. 
in  Chihuahua,  Ouanacevi  in  Duranago,  Cosala  in  Linaloa,  at  the  mine  "Mirador'' 
in  Jalisco.  It  is  said  that  the  zinc  in  smithsonite  is  partly  replaced  by  cobalt  in  Baleo. 
Lower  CaliiFornia. 

Chili 

From  the  table  on  a  preceding  page  it  will  be  seen  that  Chili  has  been  a  producer 
of  cobalt.    Keferences  to  the  occurrence  of  the  metal  in  that  country  are  few,  and  the 
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riter  is  not  able  to  say  what  th«  orea  are.     According  to  Dana  amaitite  occu 
I  small  quantities,  at  the  ailrer  mines  of  Tres  Puutaa  and  elsewhere  ia  Chili. 


THE  COBALT  INDUSTRY 

In  the  issue  of  July  1st,  190S,  "Le  Bulletin  du  Commerce,"  of  New  Caledonia,  irtucli 
duritiR  late  years  has  been  the  country  producing  the  greater  part  of  the  cobalt  con- 
sumed, ^ives  some  interesting  notes  concerning  the  industry  under  the  heading  "Cobslt 
Canadian   et  Cobalt  CalMonian." 

Attention  is  drawit  to  the  fact  that  Ontario  ia  now  a  eeriouB  competitor  in  the 
cobalt  market  with  New  Caledonia  and  a  synopsis  is  given  of  the  paper,  in  the  lait 
report  of  the  Bureau  of  Mines,  on  the  Temiskaming  Cobalt-Silyer  deposits. 

The  following  is  a  rather  free  translation  of  a  part  of  the  article : 

The  governing  powers  of  the  colony  (New  Caledonia)  have  shown  themselves  in  tb« 
last   April  session  strongly  opposed  to  the  reduction  of  the  export  duty  on  minersU 


l-'i,: 


Fureet  tire  or>  the  eafit  side  of  Cobalt  Lake,  oppoule  the  railway  station,  June,  19U. 


inaugurated  in  1903.  Since  that  time  the  condition  of  the  cobalt  markirt  baa  been  pro- 
foundly changed  by  the  discovery  of  deposits  in  Ontario.  New  Caledonia  cobalt  M 
longer  controls  the  market ;  as  in  the  case  of  nickel,  a  strong  competitor  has  arisro. 

The  Canndian,  or  rather  American,  oxide  of  cobalt  is  about  to  be  placed  on  tba 
European  market.  In  March  last,  a  meeting  of  those  interested  in  the  mannfactan 
lit  cobalt  oxide  was  held  in  Paris,  and  the  Americans  there  proposed  to  furnish  thrss- 
quarters  of  the  world's  consumption.  The  stocks  of  mineral  or  oxide  to  be  delirend 
or  in  storage  wore  then  large.  The  manufacturers  of  oxide  in  France,  England  snd 
Germany  have  restricted  their  purchases.  It  is  this  state  of  things  which  has  resulted 
in  the  prolonged  lowering  of  the  market  since  the  complete  stoppage  of  the  bnying. 

Another  meeting  of  European  and  American  manufacturers  was  annonnced  fW 
June.     It  will  be  interesting  to  know  whether  it  was  decided   at  this  meeting  that  the 
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manufacturers  of  the  two  continents  should  work  together  or  that  they  should  enter 
into  competition.     In  either  case  it  means  a  reduction  of  our  export  if  the  Canadian 

cobalt  is  put  to  the  same  uses  as  our  own. 

It  is  then  evident  that  the  cobalt  situation  has  radically  changed  and  that  it  would 

be  folly  to  willingly  persist  in  the  continuation  of  a  tax,  which  while  reasonable  in 
1903,  will  be  disastrous  in  1905,  and^will  prevent  all  exploitation  of  deposits,  especially 
those  carrying  low  grade  ore. 


It  may  be  added  to  this  that  it  is  difficult  to  see  how  any  of  the  deposits  of  New 
Caledonia  can  be  worked  in  competition  with  those  of  Ontario.  The  ores  of  this  Pro- 
vince carry  such  high  values  in  silver  that  they  will  be  worked  primarily  for  this  metal, 
although  they  contain  on  the  average  much  higher  values  in  cobalt  than  do  those  of 
New  Caledonia.  Then  there  are  the  other  by-products,  nickel  and  arsenic  in  the  Ontario 
ores.     The  ores  of  this  Province  should  control  absolutely  the  cobalt  market. 

In  1905,  New  Caledonia  shipped  the  following  number  of  tons  of  cobalt  ore  to  the 
countries  named,  viz. :  England  3,352,  France  2,238,  Australia  1,792,  Germany  537,  or 
a  total  of  7,919  tons,  which  is  over  1,000  tons  less  than  the  shipments  of  1904. 


METALLURGY 

The  characteristics  of  the  metal  cobalt  and  its  compounds  are  much  like  those  of 
nickel  and  its  compounds.  The  methods  used  for  extracting  one  metal  from  its  ores  are 
similar  to  those  used  in  the  case  of  the  other.  Since  these  methods  are  complicated,  an 
attempt  will  not  be  made  to  describe  them.  The  reader,  desirous  of  a  knowledge  of  the 
methods,  is  referred  to  some  standard  work  on  metallurgy,  such  as  that  of  Schnabel. 

In  former  times  cobalt  glass,  ''blue  color,"  was  made  directly  from  some  of  the 
purer  ores  carrying  cobalt,  nickel,  silver  and  arsenic^  Most  of  the  arsenic  was  first 
roasted  off,  and  to  the  residue  were  added  the  constituents  of  potash  glass — powdered 
quarts  and  carbonate  or  other  compound  of  potash.  The  roasted  ore,  with  these  con- 
stituents added,  was  then  melted  down,  the  cobalt  uniting  with  the  glass  to  form  smalt 
and  the  nickel  and  silver  settling  to  the  bottom  of  the  furnace.  If  a  little  arsenic  was 
not  left  in  the  ore  some  of  the  nickel  would  also  combine  with  the  glass,  thus  injuring 
ite  color. 

The  blue  glass,  or  smalt  as  it  is  called,  was  powdered  and  sieved,  and  was  then 
ready  for  the  market.  An  interesting  account  of  this  method  of  manufacturing  smalt  is 
given  in  Enapp's  ''Chemical  Technology,"  first  American  edition.  Vol.  II,  1848. 

Cobalt  now  comes  on  the. market  in  the  oxide  form,  the  latest  quotation  being  $1.60 
per  lb.  for  the  pure  oxide,  CoO.  There  are  seven  or  eight  manufacturers  of  this  oxide 
in  Europe— three  in  England  and  two  or  three  each  in  France  and  Germany.  Little 
cobalt  is  used  in  the  metallic  form,  owing  to  the  fact  that  nickel  serves  practically  the 
same  purposes  as  metallic  cobalt  and  is  much  lower  in  price.  It  is  said  that  a  little 
cobalt  added  to  nickel  in  plating  tends  to  produce  a  more  silvery  and  less  steel-like 
lustre.    By  far  the  largest  consumers  of  cobalt  are  the  potteries. 

This  Province  is  likely  to  soon  have  two  or  three  plants  working  on  the  Temiskaming 
silver-cobalt  ores.  The  International  Nickel  Company  already  has  a  plant  in  operation 
at  Copper  Cliff,  Ont.  Another  company  has  secured  the  old  Hoepfnor  or  Frasch  plant 
at  Hamilton,  and  it  is  said  a  third  company  is  likely  to  adapt  the  plant  at  Deloro,  in 
Hastings  county,  which  formerly  was  used  in  the  treatment  of  the  auriferous  mispickel 
ores,  to  the  refining  of  the  Temiskaming  minerals. 


74  Bureau  of  Mines  No.  5 


Appendix 


THE  EARLY  HISTORY  OF  THE  COBALT  INDUSTRY 

IN  SAXONY 

Transtated  by  Q.  R.  MICKLE 

**  Is  there  anything  whereof  It  may  be  Mid,  See.  this  Is  new  ?  It  hath  been  already  off  old  tfaae  which 
was  before  us."— Eccleslastes. 


introduction 

The  following  translation  of  portions  of  W.  Bruchmueller's  work  (now  unfortunately 
ouc  of  print)  on  the  early  history  of  cobalt  mining  and  the  manufacture  of  blue  color 
in  Saxony  will  perhaps  interest  those  engaged  in  the  cobalt  industry  to-day.  >  In  the 
main  the  problems  ahead  of  the  miners  of  that  metal  at  the  present  time  are  the  same 
as  they  were  over  three  hundred  years  ago. 

The  cobalt  production  marked  a  second  period  of  mining  activity  in  the  district  in 
question.  The  first  was  characterised  by  a  feverish  excitement  and  activity  and  a  com- 
paratively short  life.  Silver  was  the  only  metal  sought  at  first  and  the  veins  were 
sometimes  fabulously  rich.^  Two  systems  of  veins  were  known — the  silver  with  barite 
as  gangue  mineral  and  the  cobalt  veins  with  quarts. 

The  exact  time  when  mining  started  in  the  cobalt  region  is  not  known,  but  the  first 
important  discovery  of  silver  ore  was  made  at  Schneeberg  in  1470,  and  the  growth  of  the 
industry  was  phenomenal;  by  1474  there  were  176  producing  mines.  The  most  famous 
was  the  St.  George  at  Schneeberg  where  veins  of  different  formations  joined  and  where 
one  enormous  block  weighing  20  tons,  described  as  6  feet  wide  and  12  feet  high,  consist- 
ing of  native  silver,  argentite,  ruby  silver  and  the  chloride  of  silver  was  found.  Records 
mention  a  banquet  given  underground  by  the  Duke  of  Saxony  using  this  block  or  nugget 
as  a  table. 

Silver  mining  flourished  for  25  years  or  more  and  then  began  to  die  down.  Some 
of  the  veins  had  a  length  of  about  2,500  feet  and  were  followed  in  depth  about  1,000 
feet.     These  were,  however,  extreme  limits. 

In  the  case  of  the  essentially-  cobalt  veins  (which  carried  some  silver)  there  was  an 
extraordinary  massing  or  crowding  together.  In  an  area  of  less  than  four 
square  miles  150  productive  veins  were  found.  After  the  invention  of  cobalt  blue, 
mining  flourished  again. 3  It  is  with  this  second  period  of  activity  that  Bruchmueller'i 
work  is  concerned. 

It  ia  evident  from  the  translation  given  below  that  an  immense  amount  of  searching 
into  old  archives  was  involved  in  the  preparation  of  this  work. 

BEGINNING  OF  COBALT  INDUSTRY 

The  beginning  of  cobalt  mining  and  the  knowledge  of  the  use  of  cobalt  in  Saxony  are 
wrapped  in  obscurity.  The  discoverer.!  of  the  blue  color  is  said  to  have  been  a  French- 
man, Peter  Woidenhammer,  who  settled  in  Schneeberg  in  1520  and  made  a  blue  color 
which  he  sold  in  Venice  for  25  thalers4  a  hundredweight  (112  lbs.).     Christian  Schurer 

M'haleT  XuVTrri^!'''"'^''"'  ^"  '''^''^'  *'  "^^^  ^^  ^''''''  ^^"  "^^^'^  f«^  «"^*°*^  ^l""  ^  pre-hiitoric  Uni«- 
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is  said  to  have  improved  the  inyention  of  the  hlue  color.  He  had  a  glass  works  at  Neiideck, 
and  it  is  belieyed  that  there  for  the  first  time  a  blue  color  was  made  out  of  the  cobalt 
from  Schneeberg  by  fusing  and  the  addition  of  pearl  ash  or  potassium  carbonate.  It  is 
said  that  this  color  was  sent  to  Nueremberg  and  was  there  seen  by  the  Dutch,  who  then 
went  themselves  to  Neudeck  and  persuaded  Schuerer  to  go  with  them  to  Madgeburg 
to  make  cobalt  blue  for  them.  Afterwards,  when  they  had  learnt  Schuerer's  secret, 
they  sent  him  home  again,  where  he  started  a  small  color  mill.  A  hundredweight 
of  this  color  at  that  time  cost  7i  thalers.  It  sold  in  Holland  for  50  or  60  gulden. 5  The 
Dutch  arc  said  to  have  immediately  built  eight  color  works  and  to  have  imported  the 
necessary  cobalt  from  Schneeberg.  This  blue  color  was  made  by  taking  the  cobalt  ore, 
in  this  case,  smaltite,  which  contained  some  bismuth,  and  melting  the  bismuth  out  by 
gentle  heating;  then  it  was  stamped  and  roasted  in  reverberatory  furnaces.  It  was 
important  that  the  roasting  or  oxidation  should  bo  as  complete  as  possible.  The  result 
of  this  process  was  the  cobalt  oxide,  known  in  the  trade  as  safHor,  a  grayish  brown 
powder.  In  order  to  make  cobalt  blue  out  of  the  oxide  it  is  mixed  with  potassium  car- 
bonate (pearl  ash)  and  white  quartz  and  fused,  then  dipped  out  with  iron  spoons  into 
«  large  vat,  in  which  cold  water  runs  continuously.  By  this  means  the  blue  colored 
glass  attained  its  deep  blue  tint  and  became  so  brittle  that  it  could  be  crushed  and 
ground. 6  This  crushed  and  ground  material  is  then  sifted,  washed  and  finally  graded 
through  very  fine  sieves.  By  means  of  the  washing  the  soluble  constituents  are  removed, 
and  the  different  colors  known  to  the  trade  are  produced,  according  to  the  fineness  of 
the  material. 

We  see,  therefore,  that  in  the  beginning  the  production  of  the  cobalt  oxide  in  Schnee- 
berg was  not  in  the  hands  of  large  operators,  but  the  small  works  treated  their  own 
cobalt  and  sold  it  to  the  dealers  who  came  to  Schneeberg.  The  oxide  was  then  sent  to 
foreign  countries. 

Cobalt  Works  in  1568 

In  the  knowledge  of  the  art  of  color-mnking  they  seem  to  have  made  rather  rapid 
progress,  for  about  the  end  of  the  sixteenth  century  they  had  begun  to  make  the  blue 
color  themselves.  The  first  one  to  make  this  was  Christopher  Stalil,  who  put  up  a  little 
smelting  works  at  Schneeberg  in  1568,  also  some  mills,  melting  furnaces  and  color 
works,  in  which  he  made  a  blue  color  for  artists.  Nothing  is  known  about  the  extent 
of  his  works,  but  it  could  not  have  been  great,  as  StahPs  undertaking  is  only  mentioned 
incidentally,  and  the  production  of  colors  for  artists  could  naturally  not  be  carried  out 
on  a  large  scale.  Those  works  did  not  last  long.  They  were  swept  away  by  a  flood  in 
1573.  After  Stahl's  death  an  attempt  was  made  to  carry  on  the  color  trade  on  a  larger 
scale,  and  according  to  the  spirit  of  the  times,  this  undertaking  must  first  be  protected 
against  competition  by  a  decree  on  the  part  of  the  State,  but  in  spite  of  the  energ.v 
and  business  ability  and  large  capital  of  the  two  engaged  in  the  undertaking,  it  failed 
The  two  in  question  were  Hans  Harrer  and  Hans  Jenitz.  They  went  to  the  Prince  in 
1575  requesting  a  concession  to  erect  a  color  works  and  to  allow  them  the  exclusive 
right  for  ten  years  to  purchase  cobalt  ore  in  Schneeberg.  They  stated  that  they 
had  noticed  for  fourteen  years  how  the  oxide  which  was  prepared  in  Schneeberg 
and  the  vicinity  was  bought  up  by  agents  of  foreign  merchants  and  sent  out  of  the 
country  to  Nuremberg  and  from  there  to  Italy  and  Venice  and  other  places.  Out  of 
this  oxide  blue  color  was  made  and  sold  at  a  high  price.  By  means  of  laborious  experi- 
ments and  at  a  large  expense  they  had  arrived  at  the  secret  of  the  preparation  of  the  blue 
color  and  they  were  now  willing  to  put  up  a  works,  but  they  were  afraid  that  very  soon 
others  would  be  engaged  in  the  preparation  of  colors  and  therefore  they  requested  the 
concession  mentioned  above.  Stahl's  works  wera  not  mentioned  by  them  at  all,  and 
from  this  we  see  that  his  plant  cannot  have  been  large. 

*  Gulden  —  abont  Art  <'ts. 

•The  blue  color  or  smnlt  usnnlly  contain.<f  About  M  oob.nl» . 
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First  Monopoly  Granted  in  1575 

This  concession  was  granted  them  by  Piince  Angnst  in  1675.  According  to  it 
Harrer  and  Jenita  could  erect  the  color  works  and  they  alone  had  the  pririlege  for  the 
next  ten  years  to  bny  cobalt  oxide  in  Schneeberg,  and  they  could  work  it  up  and  deal 
with  it  as  they  wished.  They  had  to  pay,  however,  the  cobalt  mines  the  same  priee 
which  they  had  got  for  the  ores  from  the  foreign  dealers.  No  one  dnring  these  ten 
years  could  engage  in  the  preparation  of  color  without  their  consent,  neither  could  he 
buy  the  ore  or  the  oxide  and  ship  it  out  of  the  country. 

This  undertaking,  however,  did  not  fulfil  the  expectations  placed  upon  it.  Schneeberg 
was,  of  oonrse,  the  principal  place  of  prodnction  for  the  oxide,  which,  as  before,  wu 
chiefly  prepared  by  the  works  themselves,  and  then  sold  to  Harrer  and  Jenita.  The 
color  exchange  was  in  Dresden,  but  in  spite  of  numerous  efforts,  the  disposal  of  the 
colors  presented  great  difficulties.  Moreover,  contrary  to  the  royal  concession  many 
engaged  in  the  preparation  of  color  in  Schneeberg,  and  bought  up  the  oxide  and  sold 
to  competitors  in  Nuremberg,  who  probably  also  worked  up  Bohemian  cobalt  and  brought 
it  on  the  market.  A  letter  of  this  period,  namely,  1579,  from  Hans  Harrer  to  foreign 
merchants  shows  us  the  state  of  affairs  and  how  Harrer  exerted  himself  to  find  a  market 
for  his  product.  Harrer  complaints  that  he  had  spent  a  great  deal  of  money  for  the 
purchase  of  the  oxide  and  the  preparation  of  the  color,  but  in  spite  of  all  that  he 
could  not  find  a  market  for  it.  He  could  only  deal  in  the  matter  at  a  loss.  Not  long 
before,  he  stated,  he  had  sent  some  of  his  color  to  Lisbon,  but  the  merchants  there  had 
done  very  little  with  it  and  finally  it  was  left  unsold.  He  (Harrer)  had  quite  a  stock 
on  hand  which  he  wanted  to  get  rid  of,  and  he  therefore  asks  for  the  addresses  of  those 
to  whom  he  might  send  it. 

Troubles  of  ttie  Cobalt  Buyers 

In  1579  Harrer  &  Jenitz  complained  to  the  Prince.  They  stated  that  in  spite  of 
the  concession  which  had  been  granted  them  there  were  about  twenty  others  in  Schnee- 
berg who  were  engaged  in  buying  up  cobalt  and  making  it  into  color,  and  that  these 
others  were  putting  everything  into  barrels,  whether  it  was  good  or  bad,  and  trying 
to  sell  it  for  good  color,  and  therefore  it  had  come  to  this  that  during  the  four  years 
of  their  monopoly  they  had  put  several  thousand  gulden  into  the  undertaking,  and 
had  not  been  able  to  sell  most  of  the  color  or  oxide  which  they  had  prepared.  More- 
over, several  of  the  inhabitants  of  Schneeberg,  contrary  to  their  concession,  had  de- 
manded a  higher  price  for  their  oxide,  and  when  this  was  not  granted  they  had  taken 
the  color  out  secretly  at  night  and  even  sometimes  had  packed  it  out  openly  on  their 
backs.  Harrer  and  Jenitz  therfore  begged  for  a  renewal  of  their  monopoly  and  an 
extension  for  four  years  more,  and  a  sharper  decree  against  the  smuggling  of  cobalt  and 
cobalt  oxide. 

The  Prince  granted  this  request  and  renewed  the  concession  till  1589,  according  to 
it  the  contractors  alone  had  the  right  to  buy  bismuth  and  cobalt  and  the  oxide.  The 
works  might,  it  is  true,  work  up  their  cobalt  ore  themselves  to  oxide,  but  then  they 
must  sell  it  to  Harrar  &  Jenitz  for  10  groschen?  a  hundredweight.  Selling  to  oth«rs 
would  bo  punished  with  a  fine  of  200  thalers  and  confiscation  of  the  goods,  which  would 
belong  to  Harrer  &  Jenitz.  In  spite  of  this  decree  the  undertaking  was  not  a  success, 
and  after  the  death  of  Jenitz  in  1589  (Harrar  had  died  in'  1580)  and  the  expiry  of  the 
♦concession  in  the  same  year,  it  was  not  renewed,  so  that  the  first  attempt  to  organise 
the  Schneeberg  cobalt  and  color  trade  and  to  make  the  blue  color  in  Saxony  themselves, 
was  a  failure. 

Change  in  Industrial  Conditions 

About  this  time  there  was  a  change  in  the  political  organization  of  the  country. 
Every  undertaking  of  any  size  required  a  concession  from  the  Prince,  just  as  we  saw 
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in  the  case  of  mining,  and  the  ideas  of  the  rights  of  the  Princes  gradually  changed. 
These  conditions  made  their  influence  felt  on  the  cobalt  mining  of  Schneeberg,  and 
rendered  it  possible  to  bring  in  considerable  amounts  of  foreign  capital,  because  the 
Princes,  who  were  at  this  time,  almost  always  in  need  of  money,  gave  concessions  for  the 
exploiting  of  their  mining  privileges  in  consideration  of  certain  loans  from  foreign 
traders.  This  was  acceptable  to  the  foreign  traders,  as  they  had  thereby  the  only 
security  for  their  money. 

Stealing  of  Ore  in  1603 

In  the  year  1608  we  hear  for  the  first  time  of  a  more  strict  supervision  on  the  part 
of  the  Prince  over  the  production  of  oxide.  In  this  year  the  mining  office  complained 
to  the  Prince  that  there  were  people  in  Schneeberg  who  were  engaged  in  making  the 
oxide,  but  did  not  have  any  cobalt  or  bismuth  mines.  The  Prince  decreed,  therefore, 
that  for  the  future  no  one  should  be  allowed  to  buy  cobalt  or  bismuth  or  sell  it  before 
it  had  been  accepted  by  the  mining  office  and  determined  whether  it  came  fresh  from 
f  he  mine  or  had  been  taken  from  some  dump. 

Export  Tax 

Shortly  after  this  also  the  Prince  put  a  tax  on  the  Dutch  merchants  for  the  cobalt 
that  was  bought  in  Schneeberg,  and  ordered  a  strict  supervision  of  the  export.  In  the 
decree  in  question  it  was  stated  that  merchants  from  Holland  in  the  last  quarter  of 
the  year  had  bought  over  four  thousand  hundredweight  of  oxide  in  order  to  take  it  to 
Holland,  England  and  Spain — from  this  the  Prince  did  not  receive  any  taxes.  Out  of 
the  tax  of  one-twentieh  very  little  came  in,  and  from  this  the  Prince  had  alwa]^  to 
keep  the  principal  adits  in  order  and  therefore  for  every  cask  of  oxide  that  was  sold 
a  gulden  must  be  paid  as  tax.  This  tax  would  fall  on  the  foreigner,  and  they  would 
not  evade  it  because  they  had  a  good  market  for  their  wares ;  all  colors,  for  the  purpose 
of  collecting  this  tax,  must  be  weighed  by  an  official  in  Schneeberg,  and  recorded. 
Any  evasion  of  the  tax  would  be  punished  with  a  fine  of  500  florins,  and  confiscation 
of  the  goods.  Every  cask  must  be  printed  with  a  certain  mark,  and  all  casks  without 
this  mark  were  to  be  expropriated.  In  the  same  year  one  Berckau  from  Joachimsthal 
came  to  the  Prince  with  a  proposition  that  the  Prince  should  take  the  sale  of  the  color 
into  his  own  hands,  as  according  to  Berckau  every  year  great  quantities  of  color  and 
cobalt  were  sent  from  Schneeberg  to  Hamburg  and  Holland,  and  from  this  the  Prince 
only  roceived  a  very  small  tribute,  but  everything  for  the  manufacture  of  color  was 
found  in  Saxony,  and  he,  Berckau  would  guarantee  to  make  good  color  glass  out  of  the 
Schneeberg  cobalt  for  half  the  price  which  it  cost  them  in  Holland  and  Hamburg. 
Moreover  he  said  the  Hollanders  would  far  rather  buy  the  glass  than  the  raw  oxide. 
If  the  Prince  would  take  the  sale  of  the  color  in  his  own  hand.9  he  and  an  associate 
would  take  charge  of  it  and  produce  yearly  two  to  three  thousand  hundredweight  of 
color  glass.  He  gave  two  calculations  as  to  the  cost  of  color  in  Saxony  and  Holland  as 
a  basis  for  his  proposition.     The  calculation  as  to  the  cost  in  Saxony  was  as  follows: 

Florins. 

100  cwt.  of  unstamped  cobalt  ore  cost  300 

Wood  for  roasting  9 

Two  workmen   for   14  days   9 

Loss  3  cwt 9 

therefore  100  cwt.  as  exported  from  here  cost  327  florins,  and  add  to  this 

Florins. 

•50  cwt.  flux   400 

Wood  to  melt  42 

4  workmen  for  the  melting  for  four  weeks  at  the  rate  of  2  florins 

per   week  per    man    36 

Other  expenses  25 


k 
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or  a  total  of  830  florins  for  100  cwt.  He  calculated  in  the  same  way  the  cost  in  Holland 
at  1,000  florins.  Now  as  a  hundredweight  sold  in  Hamburg  for  20  florins,  therefore  the 
profit  was  100  per  cent.  The  Prince  should  give  him  an  advance  of  5,000  florins  for 
his  works  and  they  would  take  charge  of  it,  but  they  must  first  take  a  trip  to  Holland 
and  England  in  order  to  make  contracts  with  the  dealers  for  large  amounts.  As  remun- 
eration they  asked  20  per  cent,  of  the  profits.  The  Prince  did  not  consent  to  this  pro- 
position of  Berckau's.  The  result  of  this  proposition  and  consultations  was  the  royal 
decree  of  1609,  in  which  it  was  made  known  that  for  the  future  the  Prince  would  buy 
up  all  the  cobalt  made  in  Schneeberg,  which  was  formerly  taken  by  foreign  merchants 
end  sent  out  of  the  land.  The  purchase  was  to  be  made  through  the  tithe  collector.  The 
works  producing  cobalt  were  directed  not  to  sell  their  cobalt  to  any  one  else  under  a 
penalty  of  500  florins,  and  all  the  dealers  were  forbidden  under  the  same  penalty  to  buy 
cobalt  without  the  consent  of  the  Prince,  or  to  dispose  of  their  stock  on  hand  either  in 
or  outside  of  the  country.  The  Schneeberg  cobalt  trade  thus  became  a  State  under- 
taking. 

SCHNEEBERG  COBALT  AND  OXIDE  TRADE  AS  A  STATE  UNDERTAKING 

The  first  consequences  of  the  change  of  the  Schneeberg  cobalt  and  oxide  trade  into 
a  purely  State  undertaking  were  decidedy  favorable.  The  stricter  organisation,  and  the 
greater  capital  which  the  new  management  could  command,  led  in  the  first  place  to 
a  rise  in  the' price  and  increase  of  the  sale.  This  operated  in  favor  of  the  cobalt  miners, 
even  although  it  must  always  be  kept  in  mind  the  money  bags  of  the  rulers  profited  by 
the  change.  In  the  course  of  time,  however,  the  financial  difficulties  under  which  the 
Princes  at  that  time  almost  always  labored  exercised  a  baneful  influence.  Their  interests 
were  always  more  and  more  put  in  the  foreground,  and  they  were  willing  to  let  the  works 
get  under  control  of  capitalists  who  were  able  to  make  large  loans.  These  concessions 
would  be  given  for  a  period  of  years.  It  must,  however,  be  acknowledged  that,  as  a 
last  resort,  the  mining  office  stepped  in  on  behalf  of  the  cobalt  miners  and  the  Prince 
generally  followed  the  advice  of  these  officials  and  remedied  the  most  crying  evils.  More- 
over, the  terrible  industrial  crisis  began  to  make  its  influence  felt.  This  was  brought 
about  by  the  practice  of  clipping  coins  and  by  the  Thirty  Years*  War.  These  circum- 
stances led  to  a  complete  ruin  of  the  Schneeberg  cobalt  mining  and  the  oxide  trade 
about  the  period  of  1620-30.  We  will  look  into  these  circumstances  more  in  detail 
shortly,  but  must  first  notice  the  organization  of  the  cobalt  and  oxide  trade  as  it 
existed   after  the  conversion  of  the  industry  into  a  purely  State  undertaking. 

Ordinance  of  1609 

According  to  the  ordinance  of  the  Prince  in  1609,  the  tithe-collector  in  Schneeberg 
had  to  take  over  all  the  buying  and  selling  of  cobalt  and  oxide.  The  first  task  was  to 
find  a  buyer  for  the  cobalt  purchased  from  the  works  and  the  dealer,  Kreifinger,  applied 
to  the  Prince  for  a  fixed  contract.  The  following  agreement  was  made  with  him  in  1610 
It  was  for  a  period  of  six  years :  All  oxide  colors  which  were  produced  during  these  six 
years  in  Schneeberg  and  were  of  good  quality  were  turned  over  to  Kreifinger.  He  had 
the  power  to  sell  his  oxide  wherever  he  wished,  but  he  must  first  supply  the  business 
houses  of  the  Principality  with  these  wares.  Kreifinger  had  two  Leipzig  merchants  as 
guarantors.  The  price  per  hundredweight  was  six  gulden  and  ten  groschen  and  notice 
had  to  be  given  half  a  year  before  expiry  of  the  contract.  Kreifinger  had  to  advance 
the  Prince  3,000  florins,  and  he  was  to  receive  back  600  florins  per  year  and  the  interest. 
Some  alterations  were  made  in  this  contract  afterwards  to  the  effect  that  the  oxide  wa» 
divided  into  two  classes.  These  changes  were  in  consequence  of  complaints  on  the  part 
of  the  contractors.  They  objected  especially  to  the  fact  that  all  the  oxide  that  wai 
produced  in  Schneeberg  should  be  accepted  by  them,  and  therefore  every  year  fixed 
amounts  were  agreed  on.     The  whole  management  of  this  business  was  left  to  the  tithe- 
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collector.  He  had  to  look  lifter  the  purchase  and  taxing  of  all  the  cobalt  ore  delivered 
by  tite  works,  then  deliver  them  to  the  contractors  and  carry  out  all  the  bookkeeping. 
There  were  numerous  complaints  on  the  part  of  the  works  that  the  tithe-collector  esti- 
mated their  cobalt  too  low.  The  bucket  of  cobalt  ore  was  paid  for  at  the  rate  of  two 
to  three  florins,  and  the  hundredweight  of  oxide  three  to  four  florins.  This  task  soon 
became  too  great  for  the  tithe-collector.  He  therefore  requested  assistance  in  his 
work,  and  a  couple  of  officials  were  allotted  to  him.  These  two  officials  were  to  inspect 
and  estimate  the  cobalt  in  the  presence  of  the  tithe-collector  and  agents  of  the  contract- 
ors, to  look  after  the  roasting  of  the  ore,  visit  the  stamp  mills  weekly,  weigh  out  the  color 
for  the  dealers,  and  keep  strict  account  of  all  color  that  was  made. 

An  attempt  was  made  to  induce  the  Prince  to  cancel  the  contract  with  Kreiflnger. 
He  was  accused  of  being  a  swindler,  who  had  already  been  in  jail.  At  the  same  time 
proposals  were  made  to  make  the  color  in  Saxony.  In  spite  of  these  objections  the 
Prince  stood  by  the  contract,  and  even  renewed  it  for  six  years  more.  According  to 
this  later  contract  the  Prince  had  to  deliver  yearly  8,500  hundredweight  of  oxide,  3,000 
at  8  florins  and  500  of  inferior  quality  at  6  florins.  Kreiflnger,  in  consideration  of  this, 
made  the  Prince  a  further  loan  of  4,000  florins.  These  advances  on  the  part  of  the 
contractors  to  the  Prince  were  characteristic  of  all  the  concessions. 

Troubles  of  the  Miners 

A  few  years  after  this,  namely,  in  1616,  the  cobalt  miners  petitioned  for  a  remission 
of  the  tax  on  the  ore  and  for  a  higher  price  for  their  cobalt,  as  mining  was  getting  more 
expensive  all  the  time,  and  the  ore  scarcer,  and  prices  for  necessary  articles  were  always 
rising.    The  tithe-collector  suggested  an  increase  of  half  a  florin  on  the  bucket. 

In  1617  the  following  ordinance  was  made : 

1.  All  the  cobalt  ore  must  be  inspected  by  the  officials  before  it  is  rated  and  taken 
to  the  ore  house  in  order  to  determine  from  which  mine  it  came  and  to  see  whether  good 
and  inferior  ore  were  not  mixed  together.  For  this  inspection  the  mines  had  to  pay 
each  time  two  groschen.     The  previous  taxes  were  maintained. 

2.  No  robbing  of  the  mine  was  to  be  practised. 

3.  No  miner  was  to  go  underground  more  than  two  shifts  in  the  day. 

4.  All  the  cobalt  purchased  from  the  works  was  to  be  kept  separate  and  roasted 
by  itself  in  order  that  the  tithoK^ollector  and  the  superintendent  of  the  cobalt  could 
settle  correctly  with  the  different  works,  and  in  order  that  the  cullings-out  could  be 
replaced  by  the  different  works. 

5.  The  assayer  had  to  take  a  sample  from  each  cask  of  oxide  and  this  was  to  be 
kept  in  the  office. 

6.  No  cobalt  ore  was  to  be  stamped  either  by  night  or  on  holidays. 

7.  Two  buckets  were  to  be  kept  and  filled  with  ore  by  the  works,  one  of  which  the 
tithe  collector  was  to  receive  and  the  other  the  mining  office. 

8.  The  officials  had  to  inspect  the  color  works  weekly,  and  the  ore-dressing  plants, 
and  no  one  had  any  right  to  enter  the  stamp  mills  without  permission. 

9.  Every  cask  of  color  was  to  be  weighed  and  stamped  with  the  Prince's  trade  mark. 
The  color  was  to  be  sold  by  the  hundredweight  to  the  merchants  in  Holland. 

Unfortunately,  however,  those  rules  were  not  observed,  and  we  see  that  shortly  after- 
wards the  works  were  complaining  over  the  tithe-collector,  Roehling*s,  practice  of 
culling  out.  The  cobalt  that  was  delivered  by  the  works  was  not  kept  soparate,  they 
stated,  but  all  mixed  together,  and  then  the  works  were  compelled  often  to  replace  more 
ore  that  was  culled  out  than  they  had  sent  in  the  first  place — for  instance,  one  mine 
which  had  delivered  53  buckets  of  cobalt  was  ordered  to  replace  64  buckets,  and  more- 
over they  said  this  ostensibly  culled  ore,  which  was  often  better  than  the  cobalt  that 
was  accepted,  was  not  sent  bark  to  them,  but  was  taken  sixty  miles  and  farther  some- 
time.s — they  would  liko  to  know  why.  They  said  that  the  tithe  colloctor  was  always 
in   debt  to  the  works,   so  that  thoy  w<»re  compelled,   in   ordor   to  cany   oji    tlu^ir   mines. 
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to  borrow  capital  at  high  rates  of  interest.  Therefore  they  requested  that  Roehling 
be  ordered  to  cull  out  the  ore  from  each  work  separately,  and  to  give  back  what  was 
culled  out  in  order  that  they  could  pay  off  their  workmen  properly,  and  they  also  asked 
that  the  tithe-collector  should  pay  them  in  full  every  half  year,  or  if  not,  that  the 
Prince  should  allow  the  works,  after  this  contract  was  run  out,  to  work  up  their 
cobalt  to  oxide  themselyes  and  sell  it  as  thoy  might.  They  offered  to  give  the  Prince, 
if  the  tax  of  on^twentieth  was  repealed,  for  every  hundredweight  of  oxide  one  florin. 
They  stated  this  would  bring  in  more  than  came  from  the  contracts  now.  The  Prince 
promised  to  look  into  the  matter  of  the  excessive  culling  by  the  tithe  collector,  and  to 
give  them  an  answer  about  this  ox>en  dealing  after  the  contract  expired.  In  the  same 
year  the  works  made  another  complaint  about  their  being  in  arrears  with  their  pay- 
ments. They  stated  that  they  were  no  longer  in  a  position  to  pay  their  workmen,  and 
they  had  to  keep  on  borrowing  money  at  high  rates  of  interest. 

Coin  Clippers  Period 

We  come  now  to  the  time  of  the  Thirty  Years'  War  and  to  the  general  money  crisis 
in  Germany,  which  is  known  as  the  time  of  the  Coin  Clippers.  The  consequences  of  the 
war  were  noticed  in  Schueeberg  after  a  few  years,  but  the  tremendous  money  crisis  was 
felt  at  once.  In  Germany  for  some  time  there  had  been  excessive  clipping  of  coins  going 
on,  and  in  consquence  of  this  currency  of  full  value  was  vanishing,  and  the  country  was 
flooded  with  depreciated  money,  thereby  bringing  about  a  tremendous  increase  in  the 
price  of  all  articles.  This  money  crisis  was  all  the  worse  because  it  coincided  with  the 
Thirty  Years'  War,  by  which  trade  was  crippled  everywhere.  In  consequence  of  these 
two  circumstances  the  production  fell  greatly,  from  over  8,000  buckets  in  1620  to  about 
2,000  in  1639. 

The  cobalt  miners  regarded  the  contract  which  the  Prince  had  forced  on  them  as 
the  sole  cause  of  their  desperate  position.  They  were  no  more  able  to  recognise  the  true 
cause  of  the  industrial  crises  than  their  contemporaries.  Their  object,  therefore,  was  to 
have  this  contract  cancelled  and  to"  obtain  unrestricted  trading  in  their  cobalt  and 
oxide  without  the  intervention  of  the  tithe  office  and  foreign  dealers.  They  therefore 
asked  in  1619  for  the  granting  of  open  dealing  in  cobalt,  and  the  Prince  told  them  that 
after  the  contract  ran  out  in  1620  he  would  give  them  an  answer.  The  Prince  was,  on 
his  part,  too  much  dependent  on  the  support  of  these  foreign  dealers,  as  it  was  only 
with  their  large  capital  that  he  was  able  to  undertake  the  extensive  business  involved, 
and  the  contractors,  on  t-heir  part,  were  quite  content  to  have  the  concession  as  a  guar- 
antee for  their  debt.    He  therefore  could  not  entertain  the  wishes  of  the  miners. 

The  Prince  renewed  the  contract  with  the  Dutch  for  six  years,  but  it  was  finally 
cancelled,  as  the  contractors  only  wished  to  take  yearly  3,500  hundredweight  as  before, 
while  the  Prince  demanded  the  purchase  of  a  larger  quantity.  In  spite  of  this  the 
Prince  would  not  grant  open  dealing,  but  made  another  contract  with  some  Leipsig 
merchants  and  others.  The  contract  was  for  twelve  years.  The  Prince  agreed  to  deliver 
them  yearly  6,000  hundredweight,  and  the  contractors  could  deal  with  these  either  at 
home  or  in  foreign  markets,  but  they  must  first  supply  the  dealers  of  Saxony.  If  the 
contractors  could  not  get  rid  of  the  color  afterwards  they  could  keep  it  in  Schneeberg 
in  some  of  the  offices,  and  in  the  meantime  no  one  else  should  be  allowed  to  deal  in  color, 
and  the  Prince  would  give  a  patent  against  cobalt  smuggling.  On  their  side  the  con- 
tractors must  agree  to  take  the  6,000  hundredweight  yearly,  even  if  war  broke  out,  and 
stopped  trade,  and  they  must  pay  in  cash  6,000  cwts.  at  8  florins,  and  1>000  cwt.  of 
inferior  quality  at  6  florins.     Payment  must  be  made  in  good  French  money. 

Loans  from  Contractors  to  Prince 

In  the  autumn  of  that  came  year  the  Prince  applied  to  the  contractors  for  a  large 
loan.      He    explained    to    them    that    he    required    50,000  florins  for  a  very  important 
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matter,  and  requested  them  to  adyanoe  this  money.  They  declared  that  is  was  at 
the  moment  impossible  for  them,  but  they  would  manage  to  do  it  in  the  course  of  six 
weeks,  adrancing  the  money  at  seven  per  cent.  Some  time  afterwards  they  said  that 
they  were  ready  to  advance  the  50,000  florins  if  the  oxide  trade  and  the  purchase  of 
the  cobalt  was  made  hereditary  and  irrerooable  to  them,  and  that  they  should  buy 
the  cobalt  by  their  own  agents  and  work  it  up  to  oxide  themselves  without  the 
royal  tithe-collector  having  anything  at  all  to  do  with  it.  For  this  privilege  they  would 
pay  the  Prince  4,000  gulden  yearly.  The  Prince  agreed  to  this  unheard-of  demand  with- 
out hesitation.  The  contractors  were  to  make  the  payment  and  the  tithe-collector  to 
be  notified  of  the  fact. 

Intervention  of  Mining:  Office 

This  doubtful  step  was  not  carried  out  however,  as  the  mining  office  took  a  hand  in 
the  affair  and  explained  to  the  Prince  that  this  proposal  was  contrary  to  all  mining 
rights;  that  the  miners  would  leave,  and  then  he  would  lose  the  4,000  florins  which  he 
got  from  the  contractors,  while  the  cobalt  mining  had  brought  in  the  Prince  yearly  up 
to  the  present  time  about  6,000  florins.  This  concession  was  never  formally  withdrawn, 
but  is  never  mentioned  again,  and  matters  remained  as  they  were,  the  contractors 
lending  the  Prince  17,000  florins,  which  the  Prince  set  down  to  the  credit  of  the  works. 
In  the  next  year  the  works  sent  an  urgent  request  to  the  Prince  to  pay  them  for  their 
cobalt  that  was  delivered,  that  there  was  17,000  florins  overdue  from  the  tithe-collector, 
and  they  further  asked  for  payment  in  good  coin  of  the  land,  and  not  in  copper  coins 
from  Brunswick,  which  they  could  not  get  rid  of.  They  stated  that  all  necessities  and 
appliances  were  advancing  at  a  terrible  rate,  the  price  being  about  three  times  what 
it  was  before,  so  that  a  great  many  had  to  leave  on  account  of  the  expensive  living,  and 
finally  they  expressed  a  desire  for  open  dealing  again,  and  requested  an  extra  payment 
for  the  cobalt.  The  mining  officials  agreed,  or  gave  a  favorable  report  on  this  petition, 
and  suggested  that  they  be  repaid  the  17,000  florins  and  get  half  a  florin  more  per  bucket 
for  their  ore.  This  was  done  by  the  Prince.  The  contractors,  on  the  other  hand,  were 
not  by  any  means  satisfied.  They  had  expected  a  greater  profit  for  their  undertaking 
than  it  really  gave,  and  they  complained  continually  about  cobalt  smuggling,  further, 
they  objected  to  the  tithe-collector  at  Schneeberg, — ^that  he  delivered  them  oxide  that 
was  no  good.  The  Prince  therefore  ordered  a  strict  inspection  by  the  mining  office,  as 
these  complaints  had  become  too  frequent.  The  remonstrances,  however,  continued  till 
finally  the  Prince  ordered  an  investigation.  In  consequence  of  this  investigation  the 
Prince  took  away  the  control  of  the  outside  works  entirely  from  the  tithe-collector,  and 
put  them  in  charge  of  a  new  officer.  This  concession  did  not  satisfy  the  contractors; 
in  the  meantime,  in  order  to  get  rid  of  the  contract,  they  had  made  an  agreement  with 
one  Brandenstein,  and  in  consequence  of  this  they  stated  that  they  had  everjrwhere 
found  opposition,  and  reverses  with  their  contract,  and  they  feared  great  loss,  if  not 
complete  ruin.  Therefore  they  requested  the  Prince  to  hand  over  their  contract  to  Carl 
Brandenstein. 

The  Prince  was  heavily  in  debt  to  Brandenstein,  who  was  a  money-lender  of  the 
worst  kind.  He  had  lent  22,000  florins  of  depreciated  money  to  the  tithe  office,  and 
probably  he  expected  to  recoup  himself  with  the  oxide  trade  of  Schneeberg.  He  did 
not  succeed  in  this,  however,  as  his  inconsiderate  treatment  of  the  miners  overshot  the 
mark,  so  that  he  had  to  abandon  the  contracts.  He  had  asked  the  Prince  for  the  most 
complete  and  untrammelled  powers  in  the  direction  of  the  business  for  twelve  years. 
According  to  the  contract  Brandenstein  would  take  over  the  purchase  and  the  prepara- 
tion of  oxide.  All  the  directors  of  the  color  works  and  all  the  employees  of  the  Prince, 
except  the  mining  officials  in  the  mining  office  and  tax  collectors  were  to  be  put  under 
the  direction  of  Brandenstein,  and  he  had  the  power  to  dismiss  them  or  fill  their  places, 
after  notifying  the  mining  office.  The  new  officials  would  then  be  engaged  by  the  Prince 
and  turned  over  to  Brandenstein,  who  was  to  pay  their  salary.     The  cobalt  ore  was 
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to  be  paid  only  in  good  coin,  but  the  works  had  to  deliyer  good  pure  material.  Material 
that  was  worth  less  than  3  florins  need  not  be  paid  for  at  all.  Any  ore  that  was  not 
good  would  be  put  aside  and  could  not  be  sold.  All  good  cobalt  Brandenstein  was  forced 
to  accept,  but  he  need  not  pay  for  it  at  a  higher  rate  than  five  florins,  and  he  mast 
pay  in  good  coin.  All  the  color  works  and  stamp  works  which  were  in  had  repair 
Brandenstein  was  to  take  over  and  he  would  be  recouped  for  the  expense  of  repair  afttf 
the  expiry  of  the  contract.  He  was  to  receire  wood  out  of  the  Prince's  forest  at  the 
usual  price  and  in  addition  to  the  stamp  work  he  might  build  a  new  cobalt  works,  the 
cost  of  which  would  be  refunded  to  him.  He  should  hare  the  stamp  works  belonging  to 
the  tithe  office  as  long  as  he  wished  for  one  gulden  weekly  rent;  in  consideration  of  hu 
previous  advances  the  whole  stock  of  oxide,  etc.,  and  16,900  buckets  of  cobalt  were 
handed  over  to  him.  He  could  make  this  up  to  color  and  sell  it  wherever  he  wished,  and 
in  consideration  of  this  he  had  to*  pay  the  works  the  money  that  was  due,  but  they  had 
to  first  replace  the  ore  that  had  been  culled  out  with  good  cobalts  After  the  expiry 
of  the  contract  JBrandenstein  or  his  heirs  had  a  prior  right  to  a  renewal  of  the  contract. 
If  the  supply  of  cobalt  ore  failed  the  contract  would  be  cancelled  and  Brandenstein  had 
to  see  that  the  various  taxes  were  all  paid. 

Disputes  Between  Miners  and  Contractors 

We  see  that  by  this  means  the  Prince  had  handed  over  the  trade  in  oxide,  which 
had  been  very  profitable  to  the  Treasury,  to  Brandenstein  for  a  period  of  twelve  years 
without  any  further  consideration  except  that  the  Prince  was  free  from  the  response 
bility  of  paying  his  debts  to  the  works.  Immediately  after  the  signing  of  this  contract 
a  bitter  quarrel  began  between  Brandenstein  and  the  works.  They  demanded  payment 
of  the  balance  of  over  30,000  florins  which  was  duo  them  for  cobalt  which  they  had 
delivered.  Brandenstein  put  every  obstacle  in  the  way;  he  demanded  the  replacing  of 
the  ore  wliich  was  culled  out,  and  stated  that  the  stock  on  hand  was  a  great  dekl  smaller 
than  was  represented  to  him  at  the  time  when  the  contract  was  made.  The  works,  on 
thoir  part,  objected  to  the  excessive  culling.  They  would  have  to  close  down  their  mines 
and  send  oflF  all  their  men,  who  already  lived  in  the  most  wretched  state  of  poverty. 
They  stated  some  were  even  dying  of  hunger.  Their  creditors  were  threatening  to  evict 
them  from  their  mines,  and  the  adit  was  in  danger  of  caving  in,  as  they  had  no  means 
to  keep  it  in  order,  and  furthermore  they  complained  especially  about  a  wilful  under- 
rating of  their  cobalt  and  of  the  low  price.  In  spite  of  the  efforts  of  the  higher  officials 
of  the  office  to  induce  Brandenstein  to  accept  some  of  the  lower  grade  cobalt  and  to  pay 
up  the  outstanding  amounts  to  the  works,  he  obstinately  stuck  by  the  letter  of  the 
contract,  and  complained  that  he  was  losing  by  it.  The  works  did  not  let  the  matter 
rest.  In  spite  of  a  sharp  notice  from  the  Prince  about  their  inopportune  grumbling 
they  cfmtin'icd  to  send  in  complaint  after  complaint,  always  about  the  same  points,  and 
with  the  same  conclnsion,  namely,  that  they  should  be  allowed  open  dealing  for  their 
cobalt.  Brandenstein  finally  gave  way  to  this  uproar  raised  by  the  works,  which  was 
hackof]  up  in  flie  most  essential  points  by  the  officials  in  the  mining  office.  He  there- 
fore voluntarily  cancelled  his  contract  with  the  Prince  and  the  Prince  gave  permijision 
to  the  works  to  make  up  their  cobalt  to  oxide  themselves,  and  to  deal  with  it  as  they 
wished,  but  Uuv  had  to  pay  the  regular  taxes,  and  in  addition  to  that  one  florin  for 
every  bucket  of  cobnlt  made  up  to  oxide.  Smuggling  in  cobalt  would  be  punished  by 
a  fine  of  oOO  gulden 

Open  Pealing  Not  a  Success 

The  cobalt  works  had  reached  i]w  de^rcd  goal,  and  they  hoped  that  with  that  all 
their  difficulties  would  be  at  an  end.  But  very  .soon  the  opposite  became  evident,  and 
althounrh  the  mauairoMieiit  of  the  S^i-.^U^  micrbt  have  been  a  great  deal  to  blame  for  what 
had  happened  in  the  last  few  years,  it  uas  not  the  only  reason  for  the  decline  of  the 
Sebneeberg  cobalt  mining.  Tt  was  rather  dep<uident  on  the  general  industrial  and 
political   crisis  under   which    all    trade    and    industry    languished,    and   the   general   pnr- 
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chasing  power  of  the  public  greatly  diminished.  This  was  especially  noticeable  in  an 
article  which  was  not  absolutely  necessary,  such  as  the  color,  and  in  times  like  this  it 
was  the  small  works  and  those  with  less  capital  which  necessarily  suffered  most.  We 
hear,  therefore,  a  few  weeks  after  open  dealing  had  been  allowed,  strong  complaints  on 
the  part  of  the  works.  They  stated  that  in  addition  to  the  tax  they  should  not  be 
required  to  pay  one  florin  for  every  bucket  of  cobalt^ — ^that  Brandenstein  had  ruined 
the  whole  business,  and  no  human  being  was  willing  to  buy  any  color  from  them.  The 
cost  of  mining  a  bucket  of  cobalt  was  two  or  three  florins,  and  if  the  expenses  were  so 
great  they  would  have  to  discharge  their  miners,  and  therefore  the  Prince  should  remit 
the  one  florin  on  the  bucket  of  cobalt.  The  Prince  granted  this  request  in  part,  and 
an  inspection  was  ordered  of  all  the  works  by  the  tithe-collector,  and  that  the  adits 
should  be  kept  in  repair  where  there  was  any  danger  of  a  cave-in  or  other  damage,  and 
they  were  further  to  see  that  the  barren  rock  did  not  remain  in  the  adit,  but  should 
be  brought  out  to  the  surface.  For  the  purpose  of  collecting  a  tax  they  should  inspect 
all  the  mines  which  were  producing  every  two  to  four  weeks,  and  be  present  when  some 
of  the  ore  was  hoisted,  and  should  cull  the  cobalt  in  proper  manner  and  measure  it  up. 
The  works  were  not  satisfied  with  this.  The  Prince  pointed  out  that  the  office,  the 
mining  officials  and  the  works  had  made  representations  about  excessive  taxation,  and 
that  the  works  had  said  they  were  ready  to  pay  these  taxes  if  they  got  open  dealing, 
and  that  they  stated  they  would  find  enough  buyers  who  would  take  their  cobalt  at  ten 
florins  which  they  were  forced  to  sell  at  five.  Now  they  said  the  very  opposite.  They 
were  to  blame  themselves.  In  spite  of  this  he  said  that  he  was  willing  in  the  future  to 
take  the  tax  of  one  florin  a  bucket  and  remit  the  mining  taxes. 

As  soon  as  an  opportunity  offered  the  Prince  made  one  more  effort  to  close  a  new 
contract.  Two  men  offered  to  negotiate;  one  was  the  merchant,  Hans  Friese,  and  the 
other  was  from  Frankfort,  Daniel  de  Briers.  Both  declared  that  they  had  bought  a 
great  quantity  of  oxide,  but  the  business  had  not  succeeded,  as  in.  the  previous  years  a 
great  deal  of  very  bad  material  had  been  made,  still  they  were  willing  to  go  on  with 
the  venture  if  a  monopoly  was  given  for  from  one  to  three  years.  The  Prince  seised 
this  opportunity  immediately  and  made  a  contract  without  consulting  the  Schneeberg 
cobalt  works.  It  was  for  six  years.  According  to  this  the  two  contractors  were  to  take 
yearly  from  Schneeberg  and  Neustadtlein  3,000  buckets  of  cobalt.  The  payment  should 
be  made  according  to  four  grades.  The  No.  4  grade  was  to  be  considered  as  absolutely 
worthless,  and  the  first  three  grades  were^  to  be  paid  respectively  with  3,  2^  and  If 
reichstaler.  The  samples  were  to  bo  kept  in  Schneeberg  and  the  cobalt  was  to  be  taxed 
according  to  them.  The  cobalt,  as  soon  as  it  was  taxed,  was  to  be  delivered  to  the  two 
contractors,  who  could  make  oxide  of  it  and  deal  with  it  at  home  or  abroad,  as  they 
liked.  The  payment  for  cobalt  was  to  be  made  to  the  works  immediately  by  the  con- 
tractors in  cash  without  any  deductions,  that  is,  neither  the  Prince  nor  the  tithe  office 
had  anything  to  do  with  it  as  formerly.  The  latter  had  nothing  more  to  do  with  the  trade, 
but  merely  inspected  it  through  the  mining  office.  Moreover,  the  contractors  were  to 
tako  the  cobalt  oreVhich  was  paid  in  to  the  Prince  as  mining  taxes  by  the  works,  and 
also  that  which  was  mined  in  his  own  mines,  at  the  price  of  3  florins  a  bucket.  At  first 
the  contractors  were  not  to  export  their  cobalt  and  oxide  from  Schneeberg,  in  order 
that  the  business  might  recover  its  reputation  again,  and  all  dealing  in  oxide  and  cobalt 
was  strictly  forbidden  to  all  other  persons  during  this  period  of  six  years,  but  in  con- 
sideration of  this  the  contractors  wcro  bound  to  take  vearlv  3,000  buckets,  even  if  war 
broke  out  and  stopped  trade,  anrl  if  more  than  3,000  buckets  were  mined  in  one  year 
the  excess  would  be  kept  for  the  next  year.  For  this  privilege  the  contractors  were  to 
pay  yearly  1.000  thalors  into  the  Prince\s  exchequer,  making  it  in  two  equal  payments, 
and  also  pay  rent  for  the  works  belonging  to  the  Prince  which  they  took  over.  If  the 
contractors,  after  the  six  years,  did  not  wish  to  renew  the  contract,  they  must  give  a 
half-year's  notice:  on  the  other  hand,  if  th<\v  wished  to  go  on  they  would  have  the  refusal 
over  others. 
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Contract  versus  Open  Dealing: 

This  contract  was  submitted  to  the  works,  who  immediately  opposed  it,  as  thej 
declared  that  it  would  mean  the  certain  ruin  of  the  whole  mining  indostry.  They 
straightway  came  to  the  Prince  with  a  petition  about  the  contract,  and  to  request  ths 
retention  of  open  dealing,  and  they  especially  complained  of  the  small  quantity  of  cobalt 
which  was  to  be  bought,  namely,  8,000  buckets,  and  of  the  low  price,  stating  that,  under 
these  conditions,  they  were  doomed.  They  begged,  therefore,  to  hare  the  contract  can- 
celled, and  to  stick  to  open  dealing.  They  promised  to  pay  the  tax  most  punctually,  and 
to  abstain  from  any  smuggling  on  their  part.  In  order  to  meet  the  works  somewhat  in 
this  respect  the  two  contractors  stated  in  writing  that  although  they  were  not,  under 
the  existing  circumstances,  in  a  position  to  take  more  than  8,000  buckets,  nor  to  pay  any 
more  for  it,  they  would  be  willing,  if  the  conditions  improved  to  buy  a  greater  quantity 
of  cobalt  and  pay  a  little  higher  price.  This  declaration  on  the  part  of  the  contractors, 
which  was  not  really  of  any  value,  did  not  remoTe  the  opposition  of  the  works,  but  it 
had  the  effect  that  the  works  now  divided  into  two  parties, — one  which  declared  that  they 
would  like  the  contract  provided  there  was  a  greater  quantity  bought,  and  the  prios 
were  a  little  higher,  while  the  other  party  still  opposed  the  contract.  The  party  which 
was  irreconcilably  oposed  to  the  contract  persisted  that  if  they  got  open  dealing  they 
would  give  the  Prince,  instead  of  the  tax  of  one-twentieth,  every  tenth  bucket,  while 
the  other  party  stated  that  this  offer  could  not  be  acceped,  and  wished  for  a  fixed  con- 
tract, however,  with  the  conditions  mentioned  above.  Negotiations  in  this  matter 
dragged  on  for  some  time.  The  contractors  finally  agreed  to  take  4,000  buckets  annually, 
but  stated  that  an  increase  in  the  price  was  impossible  at  present.  The  mining  office  stated 
that  the  prices  offered  to  the  works  by  the  contractors  were  not  reasonable,  as  the  costs 
in  mining  were  too  high.  However,  offers  and  counter-offers  were  made,  and  as  a 
final  result  the  Prince  asked  for  a  vote  from  the  works  of  ''contract''  or  ''open  dealing." 
All  the  works  which  were  producing  ore  must  state  in  writing  whether  they  were  for 
a  contract  or  for  open  dealing.  The  result  was  that  30  persons,  representing  87  mines, 
voted  for  the  contract,  and  43  persons,  representing  132  mines,  voted  for  the  open 
dealing.  In  consequence  of  this  majority  for  open  dealing  the  Prince  decreed  that  the 
contract  was  cancelled  and  permitted  open  dealing  again,  with  the  condition  that  every 
tenth  bucket  of  good  pure  cobbed  cobalt  ore  should  be  paid  into  the  Treasury,  and  in 
addition  to  this  some  other  taxes,  which  could  be  paid  in  money  or  cobalt.  Those  of 
the  works  which  had  received  advances  from  the  contractors,  or  had  ore  to  their  credit, 
should  settle  the  matter  with  them. 

Crisis  in  the  Industry   and  Effect  of  War 

We  come  now  to  the  saddest  time  for  Schneeberg  cobalt  mining.  In  1629  the  works 
requested,  instead  of  every  tenth  bucket,  that  they  should  give  every  twentieth,  as  they 
could  not  get  ready  cash  for  their  cobalt  no  matter  how  cheap  they  were  willing  to  sell 
it.  This  request  was  repeated  in  1632,  and  at  the  same  time  they  petitioned  for  the 
establishment  again  of  a  fixed  contract.  This,  however,  considering  the  bad  position 
of  all  commercial  and  political  matters,  was  an  impossibility,  especially  as  all  the  foreign 
contractors  had  had  bad  experiences  with  their  contracts,  and  were  not  willing  to  bind 
themselves  for  any  length  of  time.  A  good  idea  is  given  of  the  conditions  and  the 
position  of  the  Schneeberg  cobalt  mining  at  this  time  in  a  report  of  the  chief  official 
of  the  mining  office  in  the  year  1631.  According  to  him  the  works  since  about  1628  hsd 
found  almost  no  sale  for  their  oxide,  because  the  Dutch  had  withdrawn  entirely  from 
this  trade,  and  they  were  the  ones  that  had  bought  up  most  of  the  oxide  before.  More 
over,  the  war  had  been  spreading  all  the  time,  so  that  all  the  passes  in  the  mountains 
were  guarded,  and  all  trade  was  blocked:  The  works  had  sought  to  sell  their  goods 
themselves,  but  tliey  had  to  dispose  of  them  at  a  very  low  price,  and  at  a  loss.  Some- 
times they  wore  not  paid  for  in  cash,  but  in  goods,  which  they  could  not  sell  again 
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p^ithout  *a  loss,  and  they  had  been  compelled  to  pay  their  workmen  in  the  mines  with 
obalt,  which  they  had  to  sell  dirt  cheap  in  Bohemia  in  order  not  to  die  of  hunger.  It 
ras  true  that  a  decree  had  been  made  that  the  workmen  were  to  be  paid  with  money^ 
»ot  there  was  so  little  of  it  in  the  country  that  they  were  afraid  that  if  this  decree  was 
ibserred  the  mining  must  be  stopped  altogether.  In  addition  to  this  misfortune  it  seems 
Jimt  about  this  time  Schneeberg  suffered  directly  in  the  war.  In  1632  the  Croatiana 
nrept  down  on  Schneeberg,  took  the  town  and  sacked  it  and  ruined  many  of  the  mines. 
kt  that  time  the  population  of  Schneeberg  was  only  about  2,000,  whereas  it  had  been 
KTer  3,000  in  the  year  1600.  In  consequence  of  the  lack  of  money  they  had  neglected  to  carry 
m  the  necesasry  repairs  in  the  adits,  and  as  a  result  many  of  the  mines  were  flooded, 
rhe  deepest  adit  caved  in  about  that  time,  and  they  were  not  able  to  mine  any  more- 
A  consequence  of  an  inrush  of  water,  and  the  production  of  cobalt  fell  off.  It  is 
relieved  that  shortly  after  this  there  was  not  a  single  mine  in  Schneeberg  which  made 
ftny  profit,  as  at  the  very  most  they  could  only  get  about  25  groschen  for  a  bucket  of  ore,, 
while  the  mining  of  it  cost  a  florin  or  more,  and  in  addition  to  that  they  had  to  pay 
lome  tax.  The  only  exceptions  to  this  were  three  mines,  which  made  a  little  because 
bhey  had  scHne  bismuth. 

THE  PROSPEROUS  TIME  FOR  THE  SAXON  BLUE  COLOR  WORKS 

After  the  year  1628,  instead  of  a  fixed  contract  the  cobalt  works  were  allowed  to 
deal  with  their  ore  as  they  wished,  without  improving  the  position  of  affairs  at  all. 
We  have  seen,  moreover,  that  the  conditions  for  mining  just  at  this  very  time  were 
exceptionally  bad.  The  production  of  the  mines  had  sunk  considerably,  and  did  not  begin 
to  increase  until  after  the  forties.  This  was  brought  about,  as  we  saw,  by  the  deprecia-^ 
tion  of  the  coinage.  That  and  the  blocking  of  all  trade  with  foreign  countries  because 
of  the  war,  and  the  other  devastations  which  the  war  brought  with  it,  had  brought  the> 
Schneeberg  mining  into  a  desperate  state,  from  which  there  did  not  seem  to  be  any 
escape.  This  unfortunate  period  had  caused  most  of  the  works  to  see  that  their  position 
was  better  under  the  cobalt  contracts  which  they  had  fought  so  hard  against,  even 
although  they  did  not  receive  the  principal  advantage  themselves,  which  went  rather  to 
the  contractors,  because  when  they  had  open  dealing  and  the  times  were  uncertain  the 
works  which  lacked  capital  depended  altogether  on  foreign  dealers.  Moreover  the  worst 
of  the  storm  of  war  was  past.  It  is  true  that  in  1642  Schneeberg  was  sacked  again 
by  the  Swedes,  but  on  the  whole  more  peaceful  times  were  dawning,  and  moreover  the 
cobalt  mines  had  been  producing  better  ore  for  some  time.  As  the  result  of  all  these 
causes  a  gradual  wish  began  to  be  expressed  for  a  general  contract  and  the  establishment 
of  color  works  in  Saxony,  a  plan  which,  if  successful,  would  probably  give  cobalt  mining 
a  sounder  foundation  than  the  sale  of  cobalt  and  oxide  to  foreign  dealers.  Some  offers 
were  made  by  different  parties  which  were  not  accepted,  as  there  was  no  guarantee  that 
they  would  be  able  to  carry  out  the  contracts,  and  after  some  considerable  discussion 
and  negotiation  the  Prince  summoned  the  principal  officials  of  the  mining  office,  the- 
civic  officials  and  whatever  contractors  were  willing  to  bid,  to  meet  together  and  lay 
their  proposals  before  him,  to  see  if  they  could  make  a  contract  by  which  the  works 
could  sell  a  fixed  amount  of  good,  medium  and  low-grade  cobalt,  the  payment  to  be 
in  cash,  according  to  the  assays  of  the  ore.  The  small  works,  too,  which  could  only  mine 
a  little  cobalt,  were  to  receive  consideration,  and  moreover  all  the  wages  were  to  be 
paid  in  money,  and  not  with  color  or  cobalt.  The  sale  of  cobalt  to  Joachimsthal  in 
B(^emia  was  to  be  absolutely  foVbidden,  and  if  they  did  not  succeed  in  closing  a  con 
tract  the  Prince  was  to  receive  a  report  as  to  how  far  they  advanced,  together  with  advice 
as  to  what  should  be  done  in  the  meantime.  Before  these  officials  had  finished  the  task 
set  them  by  the  Prince  an  advance  was  made  towards  this  goal  from  another  quarter. 
In  March,  1641,  the  Hamburg  dealer,  Hans  Friese,  made  a  private  contract  with  six 
of  the  cobalt  mines  in  Schneeberg.  This  agreement  was  filed  in  the  mining  office,  and 
it  contained  express  provision  that  the  contract  should  be  cancelled  immediately  the 
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Prince  succeeded  in  making  a  new  one.  The  substance  of  it  was  as  follows:  Friw 
was  to  take  from  the  works  in  question  for  three  years  SOO  cwt.  of  cobalt,  and  waste 
pay  them  in  cash  immediately  on  delivery  at  the  rate  of  two  thalers  and  six  grosches; 
the  works  could  receive  a  part  of  their  payment  from  Friese  in  goods  and  should  tke 
works  mine  more  cobalt,  this  excess  was  to  be  offered  to  Friese  first,  and  if  he  did  not 
wish  to  take  it  they  could  sell  it  in  any  way  they  liked.  The  cobalt  should  be  pure  snd 
thoroughly  cobbed  out,  without  any  hornstone,  slate  or  pyrites.  The  first  delivery  wm 
to  be  made  at  Easter,  1641,  and  then  every  six  weeks  following — smaller  contracts  wot 
made  by  others  with  different  mines.  In  the  meantime  the  officials  who  had  been  commis* 
sioned  by  the  Prince  to  make  a  contract  had  not  been  successful.  This  was  due  chiefly  tD 
the  opposition  of  Hans  Burkhardt,  and  therefore  the  mining  office  ordered  that  a  t€!B- 
porary  contract  should  be  made,  and  for  this  temporary  contract  Hans  Friese  and  Schnorr 
made  a  bid.  Schnorr,  had,  a  short  time  before  that,  built  a  small  color  mill,  and  wished 
to  work  up  the  Schneeberg  cobalt  there,  and  he  stated  that  he  was  willing  to  contnet 
for  a  year  on  condition  that  during  this  time  no  blue  color  work  should  be  built  ia 
Saxony.  This  contract  was  actually  agreed  on  between  these  two  and  twenty-three  of 
the  works.  In  consequence  oJ&  this  further  development  of  matters,  Burkhardt  gire 
up  his  former  opposition  and  declared  that  he  was  willing  to  take  part  in  the  contnet 
on  condition  that  he  should  receive  permission  to  erect  a  blue  color  works.  The  only 
opposition  now  was  from  Rohling,  one  of  the  contractors.  He  said  that  he  had  made 
a  former  contract  with  some  of  the  Dutch,  which  he  must  adhere  to,  as  the  Dutch  dealers 
had  made  him  an  advance,  and  if  he  cancelled  the  contract  the  money  would  have  to  be 
refunded.  After  his  contract  had  lapsed  he  said  he  would  be  willing  to  join.  The 
mining  office,  however,  believed  that  it  was  not  necessary  to  pay  any  attention  to  him, 
as  his  contract  with  the  Dutch  dealers  was  not  recorded  in  the  mining  office,  and  wei 
therefore  not  binding. 

Local  Customs  Works,  1642 

As  a  result  of  the  conference,  lasting  several  days,  between  the  Prince  and  three  of 
the  contractors,  namely,  Friese,  Schnorr  and  Burkhardt,  an  agreement  was  made  which 
pmbraoed  all  the»  Schneeberg  works.  It  contained  the  following  points:  The  agreement 
was  between  all  the  works  which  existed  at  Schneeberg  and  Neustadtlein  and  the  con- 
tractors Hans  Burkhardt,  Hans  Schnorr  and  Hans  Friese,  and  made  with  each  of  the 
three  individually  and  not  jointly,  for  a  period  of  six  years.  The  three  contractofi 
tbovo-mentionod  were  to  take  from  all  the  works,  including  the  Prince's  and  their  own, 
yearly  a  quantity  of  2.400  hundredweight,  and  they  were  to  pay  according  to  samples 
whirh  woro  to  bo  kopi  in  tho  nnninp;  offico.  The  payment  was  to  be  in  good  money  and 
at  the  rate  of  3  thalers  18  groschen  per  hundredweight  for  No.  1  grade,  2  thalera  18 
s;rns.  for  No.  2,  and  2  thalers  for  No.  3.  Cobalt  ore  which  was  better  than  these  three 
sjrados  or  not  equal  to  it,  should  be  paid  by  the  contractors  according  to  the  decision 
of  Uio  milliner  offico.  Each  of  tho  contractors  was  to  take  800  hundredweight.  The 
mines,  on  their  part,  were  required  under  penalty  of  a  heavy  fine,  to  refrain  from  deil- 
injz  in  rohalt  or  oxide  with  any  one  else  during  the  period  of  this  contract.  If  on©  of 
tho  fotitnif-tor^  should  dio  bis  hoirs  would  bo  bound  to  carry  on  the  contract  until  it 
expired.  Frirso  had  permission  to  export  his  cobalt,  Burkhardt  was  allowed  to  build 
a  rolor  uiill  in  Saxony,  and  S<']inorr  was  to  be  also  allowed  to  build  one  there  and  work 
up  h]<  (".halt.  Til..  a'zrorMiKMit  was  finally  oonfiruiod  by  the  Prince  in  1642,  and  a  decree  was 
nind.' airainvt  en], nit  snnuz'ilino;.  In  this  decree  every  sale  of  cobalt  in  violation  of  the 
nm-.-onuiit.  .'^p.'.ially  tho  salo  into  Bohemia,  was  to  be  punished  by  a  fine  of  500  florins, 
and  if  the  fino  fN.iild  not  bo  paid,  rorporal  punishment  would  be  substituted.  The  inform- 
ant would  n-coivo  ono  half  of  tho  Koods  wbiob  wore  confiscated  and  the  other  half  would 
bo  u^od  for  inaint(M.anoo  of  tlic  adit  in  Schnoober<;.  In  accordance  with  the  royal  pe^ 
mission,  Hans  Burkhardt  settled  in  Obor^chloma,  near  Schneeberg,  where  he  had  picked 
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«nit  a  site  for  his  color  mill.  It  is  true  there  was  some  opposition'  from  the  town  council 
«rf  Sohneeberg,  which  regarded  this  as  an  encroachment  on  their  rights  and  jurisdiction, 
"biit  on  account  of  the  concession  granted  by  the  Prince  it  was  allowed  to  stand. 

This  new  contract  soon  met  with  difficulties  which  endangered  its  permanence.  At 
the  rery  outset  the  works  and  the  contractors  were  in  dispute  about  the  assessing  of  the 
«obalt  according  to  the  assays  that  were  made.  The  contractors  complained  that  the 
mining  office  assessed  the  samples  which  were  better  than  No.  1  too  high,  and  that 
they  had  introduced  intermediate  payments.  The  Prince  decided  that  these  intermediate 
Taluations  should  not  be  used,  and  threatened  with  severe  punishment  those  who  did  not 
obey.  The  samples  which  were  better  than  No.  1  should  be  graded  as  No.  1,  and  those 
which  were  better  than  No.  2  but  not  quite  so  good  as  No.  1,  should  be  graded  as  No,  1. 
If  the  dififerences  were  much  greater,  then  they  were  to  be  paid  according  to  the  nex1>- 
lowest  grade,  and  all  ore  which  was  not  up  to  No.  8  grade  need  not  be  paitl  for  at  all 
by  the  contractors.  The  works  were  advised  that  by  care  they  would  almost  always 
reach  that  grade.  The  Prince  also  warned  them  that  they  must  keep  the  contract  or 
they  would  not  find  any  one  to  buy  their  cobalt. 

A  more  serious  danger  threatened  the  industry  in  the  following  year.  This  was  due 
to  the  death  of  Hans  Friese.  According  to  the  terms  of  the  contract  his  heiss  were  bound 
to  carry  it  on,  and  as  a  matter  of  fact  his  widow  tried  this,  but  on  account  of  lack  of 
capital  she  was  unable  to  carry  out  her  obligations,  and  finally  one  of  the  principal 
creditors,  Oehme  of  Leipsig,  took  over  Friese's  contract.  A  few  years  later,  in  1647, 
after  the  expiry  of  the  contract,  which  was  made  in  1641,  all  the  success  that  had  been 
achieved  hitherto  was  jeopardized.  Burkhardt  refused  most  positively  to  make  a  new 
contract,  even  although  the  Prince  threatened  him  if  he  persisted  in  his  refusal  to  cancel 
his  right  to  have  blue  color  works,  but  Schnorr  and  Oehme  stated  that  without  Burk- 
hadt's  assistance  they  were  not  in  a  position  to  buy  all  the  cobalt  from  all  the  mines, 
and  they  would  therefore  make  provisional  contracts  with  individual  works.  The  works 
on  their  side,  were  not  satisfied  with  that,  and  requested  again  for  permission  to  have 
open  dealing,  as  they  could  not  get  any  other  contractors.  The  Prince  against  his  wiU 
granted  their  request  and  allowed  for  a  short  time  open  dealing  again,  with  the  excep- 
tion, however,  that  all  trade  with  Bohemia  was  prohibited,  because  the  Bohemian  works, 
on  account  of  the  scarcity  of  their  ore,  were  only  able  to  exist  with  the  help  of  the  Saxon 
cobalt,  which  was  of  better  quality.  They  then  competed  with  Saxony  in  the  color 
business.  Not  very  long  after  this  another  individual  named  Schindler,  purchased  a 
site  in  order  to  build  blue  color  works,  alid  in  conjunction  with  the  mining  office  and 
with  the  Prince's  permission,  he  stated  his  willingness  to  enter  into  a  contract.  Finally 
an  agreement  was  made  for  six  years  in  1649,  according  to  which  the  four  owners  of  the 
four  Saxon  color  works,  namely,  Burkhardt,  Ohme,  the  widow  of  Schnorr  and  Schindler 
were  associated.  The  amount  of  cobalt  which  they  agreed  to  take  yearly  was  the  same 
as  before,  namely,  2,400  hundredweigth.  The  price  remained  the  same  as  before,  with 
the  exception  that  one  higher  grade  was  introduced  which  was  called  No.  1  and  was  paid 
at  the  rate  of  four  thaler  6  groschen  per  cwt.  In  all  other  points  this  agreement  was  the 
same  as  the  previous  one.  Each  one  of  the  contractors  was  to  take  600  hundredweight 
yearly.  Both  the  works  and  contractors  were  forbidden  most  strictly  to  deal  either  in 
ore  or  oxide  with  Bohemia,  and  all  the  pearl  ash,  that  is  potassium  carbonate,  which 
was  produced  in  Saxony  was  to  be  delivered  to  the  four  works  in  equal  portions.  This 
contract  was  ratified  by  the  Prince  in  1649. 

Contract  of  1649 

By  this  means  a  fixed  and  certain  contract  was  brought  into  existence  again.  In  the 
place  of  frequently  changing  foreign  contractors,  four  subjects  of  Saxony  acted,  each  of 
whom  was  in  possession  of  a  color  mill,  and  therefore  had  an  interest  in  the  preservation 
and  continuation  of  the  contract.  The  only  one  who  had  previously  been  opposed  to  this 
was  Hans  Burkhardt  because  ho  was  able  without  any  contract  to  supply  his  works  with 
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his  own  cobalt  ore.  Thanks  to  the  energetic  efforts  of  the  Prince  and  his  offidak 
Burkhardt  finally  yielded.  It  is  true  that  some  concessions  were  made  to  him  in  the  new 
contract.  It  was  therefore  of  great  importance  that  in  the  year  1651  the  Grown  Prince, 
Johann  George,  came  into  possession  of  the  Oberschelma  works  and  Bnrkhardt's  cobih 
mines.  Burkhardt  had  died  without  heirs  and  relations,  and  in  his  will  he  had  left  to 
the  Prince  his  four  mines  and  all  his  works.  The  only  reason  that  he  gave  for  this  wii 
that  the  mining  and  the  color  business  might  remain  as  it  was.  By  this  means  the  Priim 
had  more  direct  interest  in  the  mining  and  color  industry  than  he  had  before.  At 
the  same  time  a  request  came  from  some  foreign  company  that  they  should  receive  pc^ 
mission  for  the  erection  of  blue  color  works.  The  four  contractors,  of  course,  oppotri 
this  and  requested  that  for  a  period  of  twelve  years  no  new  color  works  should  be  baik 
in  Saxony.  They  stated  that  the  production  would  be  OFcrdone  if  further  concessioni 
were  given,  and  the  individual  works  would  only  ruin  one  another.  They  stated  that 
there  was  an  example  of  this  in  Bohemia,  where  after  the  erection  of  several  mills,  tb^ 
had  all  been  ruined  except  one,  and  moreover  they  stated  that  the  pearl  ash  which  wu 
produced  in  Saxony  was  not  sufficient  for  the  four  works  which  existed.  They  had  to 
import  two  thirds  of  their  pearl  ash  from  Bohemia. 

The  mining  office  agreed  with  this  request  of  the  contractors  for  the  reasons  ginB 
above,  and  mdvised  granting  a  concession  for  twelve  years  on  the  condition  that  tbo 
contractors  after  the  expiry  of  this  contract  should  be  willing  to  make  a  new  one.  It 
was  certainly,  under  these  circumstances,  a  good  thing  for  the  other  proprietors  of  color 
works  that  the  Prince  himself  was  interested  in  one  of  the  four.  After  some  hesitatum 
afid  urging  on  the  part  of  the  mining  office,  the  Prince  agreed  that  no  new  rights  to 
build  any  color  works  should  be  given  in  Saxony.  On  their  part  the  contractors  wen 
bound  not  only  to  keep  the  present  contract  strictly,  but  after  its  expiry  to  make  a  new 
one  under  more  reasonable  conditions  "in  order  that  the  work  which  had  so  well  begun 
should  come  down  to  posterity  and  flourish  in  vigor." 

We  see  that  by  this  means  the  foundations  were  laid  for  an  industry  which  hsi 
lasted  to  the  present  time,  for  after  the  twelve  years  had  lapsed,  although  there  werf 
some  attempts  to  build  new  works  in  Saxony  the  four  works  that  existed  at  this  time 
wevp  rooted  so  firmly  that  every  attempt  to  encroach  on  their  privileges  was  bound  to 
faU. 

CONCLUSION 

The  Period  from  1653  to  the  Present  Time 

According  to  the  agreement  mentioned  above  there  were  four  works,  each  of  which 
was  bound  to  take  a  certain  quantity  of  ore  yearly.  One  of  these  works  was  considered 
as  a  double  one.  and  therefore  the  whole  quantity  was  divided  into  fifths.  The  Ober- 
schlema  work  was  the  double  one.  It  will  be  noticed  that  one  of  these  works  belonged 
to  the  Prince  and  the  other  three  were  private.  The  three  private  works,  which  had 
boon  originally  quite  independent,  in  the  course  of  time  gradually  came  out  of  the 
control  of  single  individuals  into  companies,  which  became  more  closely  related  to  one 
another.  As  far  back  as  1609  the  holders  of  the  different  works  were  agreed  on  the 
following  points : 

1.  All  the  works  bind  themselves  to  a  fixed  price  for  color  below  which  no  color  msy 
be  sold.  The  common  color  cost  5  thalers  per  cwt.  and  the  best  color  10  thalers  at  the 
works.  At  Leipzig  it  was  half  a  thaler  per  cwt.  higher,  and  increased  with  the  distance 
from  the  works. 

2.  Xono  of  the  works  during  the  period  of  the  contract  was  to  make  more  than  24 
cwt.  of  color  weekly. 

3.  Each  of  the  works  had  to  brand  its  casks  of  color  with  a  certain  brand  in  order 
that  they  could  distinguish  their  domestic  color  from  the  foreign  or  Bohemian. 

Later  on,  in  184.5.  the  three  private  works  were  amalgamated  into  one  and  concen- 
trated   at    Niederpfannenstiel.      The    works    belonging    to    the  State    at   Oberschlemi 
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remained  as  it  was.  Both  these  combinations  are  in  union  and  form  the  so-called  blue 
color  trust.  This  owns  all  the  Schneeberg  mines,  as  well  as  the  mine  and  works  at 
Modum  in  Norway.  Between  the  two  works  the  old  arrangement  with  regard  to  the 
disposition  of  the  cobalt  and  the  sale  of  cobalt  still  exists,  vis.  two-fifths  and  three- 
fifths.  In  all  matters  concerning  the  cobalt  business  they  act  in  concert  and  exchange 
.azperiences,  and  experiments  are  undertaken  at  the  common  expense. 

Leaving  Bruchmueller's  work  and  turning  to  the  annual  official  reports  it  appears 
that  the  two  works  employed  last  year  255  men,  including  office  staff,  and  that  the 
product  amounted  to  about  674  tons  in  weight  and  about  $836,000  in  value.  (Jahrbuch 
f  uer  Berg  und  Huettenwesen). 

Present  State  of  Mining:  in  tlie  District  of  SctineeberiT,  Saxony 

The  chief  characteristics  of  the  vein  systems  are  given  on  preceding  pages  (61,  63). 

Taking  the  only  mines  which  have  any  production  at  all  worth  mentioning,  and 
looking  at  the  reports  of  the  last  ten  years  or  so,  it  is  evident  that  the  character  of  the 
vein  filling  has  changed  since  the  early  days.  Bismuth  now  occupies  an  important 
poaition,  as,  wherever  the  contents  of  ore  are  given  the  percentage  of  bismuth  stands 
high.  Quotations  from  the  Annual  Reports  show  this.  (See  Jahrbuch  fuer  Berg  und 
Huettenwesen  in  Koenigreich  Sachsen).  Silver  is  quite  insignificant  in  amount,  less 
than  two  per  cent,  of  the  value  being  credited  to  this  metal.  Thus  in  the  report  of 
1898  (later  reports  give  the  value  of  silver,  cobalt,  nickel  and  bismuth  together).  The 
mmount  assigned  to  silver,  etc.,  reduced  to  our  currency,  is  as*  follows:  — 

Silver    $2,700  00 

CJobalt,   nickel  and  bismuth   167,335  00 

Uranium    1,666  00 

Quarts,   specimens   and  tailings    1,080  (X) 

Total $162,781  00 

In  the  report  of  1906: 

Silver,  cobalt,  nickel  and  bismuth   $148,581  00 

Quartz,    specimens,   etc 1,855  00 

Total    $150,336  00 

The  value  per  ton  was  about  $570. 

The  result  of  all  the  development  work  being  carried  on  now,  consisting  of  drilling, 
<lrifts,  cross  cuts,  rises,  and  sinking, — in  short,  trying  in  every  way  to  open  up  veins  known 
to  be  productive  formerly  or  discover  new  ones, — is  that  here  and  there  a  rather  small 
"body  of  good  pay  ore  will  be  found.  Evidently  the  early  productive  period  is  long  past. 
Occasionally  they  encounter  difficulties  due  to  striking  old  excavations,  with  accumula- 
tions of  water  or  to  the  caving  in  of  old  work.  Most  of  the  work  appears  to  be  carried 
on  a  depth  of  less  than  1,000  feet. 

Below  are  given  translations  of  extracts  from  the  Annual  Reports,  extending  back 
about  ten  years.  The  reports  are  all  on  one  mine,  or  rather,  group  of  mines  which  was 
referred  to  above  as  being  the  only  one  of  any  importance.  It  is  called  Vereinigt  Kobalt- 
feld.  About  half  a  dozen  veins  are  mentioned  throughout  the  reports.  Some  of  these 
were  exploited  in  the  early  period  of  mining  in  that  district. 

In  the  report  of  1893 : 

"On  the  Junge  Zeche  Spat,  (one  of  the  most  productive  veins  in  recent  times)  in  a 
drift  of  about  280  feet  in  length  for  a  distance  of  83  feet,  solid  bismuth  ore  sometimes 
ten  inches  wide  with  30  to  50  per  cent,  bismuth  was  found,  also  concentrating  ore  along 
a  distance  of  183  feet.  The  minerals  were  bismite,  native  bismuth,  smaltite,  chloan- 
thite,  native  silver,  ruby  silver,  argentite,  galena  in  vugs  with  mimetite  (arsenical  lead 
chloride),  eulytite  (silicate  of  bismuth),  cobalt  bloom,  chalcopyrite,  chalcocite,  and 
cinnabar." 
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''The  most  important  strike  in  the  whole  district  was  made  on  a  vein  which  was 
16  to  24  inches  wide  and  carried  very  rich  bismuth  cobbing  ore  for  52  feet  in  length  aod 
then  concentrating  ore  for  296  feet." 

''A  body  of  ore  45  feet  long  with  a  considerable  amount  of  roselite  (lime  oobalt  ansn- 
ate)  was  found.'' 

In  report  of  1900 : 

''Exploration  of  the  most  improtant  Teip,  Junge  Zeche,  was  undertaken.  The  pro- 
ductive portion  of  the  vein  ended  at  a  depth  of  about  830  feet  from  the  surface.  (This 
was  the  case  with  most  of  the  veins)." 

Report  of  1901 : 

"In  a  crosscut  770  feet  from  the  shaft  a  strike  of  rich  bismuth  ore,  sometimes  with 
disseminated  ruby  silver,  also  cobalt  bismuth  ore  associated  with  pitchblende  (uranium 
ore)  and  niccolite  was  made." 

"A  strike  was  made  in  the  granite9  over  230  feet  from  the  slate  contact,  of  rather 
a  large  bunch  of  bismite,  with  native  bismuth.  Near  the  contact  the  bismuth  ore  was 
richer  and  was  ten  inches  wide." 

"Another  strike  was  made  in  a  drusy  quarta  vein  over  three  feet  wide  where  solid 
cobalt  nickel  ore  was  found  on  the  hanging,  and  bismuth  on  the  footwall." 

Report  of  1902: 

"Junctions  of  veins  proved  especially  rich  in  native  bismuth.     Along  with  bunches 
/f  bismuth  ores  were  associated  cobalt-nickel  ores  and  uranium." 

Report  of  1903 : 

"From  an  area  of  vein  8urface  of  about  270  square  yards  about  fifteen  tons  contain- 
ing 19  per  cent,  bismuth,  4.3  per  cent,  cobalt  and  2  per  cent,  nickel  was  taken,"  (the 
width  of  the  vein  not  given  in  this  case).  "Another  ore  body  containing  20.6  per  cent, 
bismuth  and  3.6  per  cent,  cobalt  was  found.     The  contact  again  proved  favourable." 

''In  a  vein  44  inches  wide  bunches  of  bismuth  ore  occurred." 

Other  strikes  mentioned  contained  7.3  per  cent,  bismuth,  5.6  per  cent,  cobalt: 
another  33.9  per  cent,  bismuth,  2.6  per  cent,  cobalt,  and  1.3  per  cent,  nickel. 

1904  rep  )rt  : 

•'Strike  was  made  24.2  per  cent,  bismuth,  and  4.1  per  cent,  cobalt." 

"A  stringer  was  found  containing  pucherite  (vanadanate  of  bismuth)  showing 
throughout  all  the  ore." 

Report  of  1905 : 

"Strike  of  ore  was  made  25  feet  long  (width  not  given)  with  21.4  per  cent,  bismuth 
and  2  per  cent,  cobalt.  Another  strike  of  bismuth  ore  of  shipping  quality  28  feet  in 
length  and  about  35  feet  of  concentrating  ore.  The  vein  was  about  20  inches  wide,  con- 
sisting of  quartz,  hornstone  with  bands  of  bismuth  ore  and  contained  28.6  per  cent, 
bismuth  as  taken  out." 

These  rare  minerals  and  their  associations  are  mentioned  in  order  that  those  inter- 
c'Kted  in  the  Teniiskaming  district  may  look  up  the  descriptions  of  the  various  minerals 
and  be  on  the  watch  for  them. 

It  is  remarkable  that  of  all  the  metal  mines,  some  hundreds  in  number,  which  once 
produced  ore  in  Saxony,  and  which  played  such  an  important  part  industrially,  and 
also  technically,  in  the  development  of  the  art  of  mining,  concentration  and  smelting, 
the  cobalt-bismuth-silver  mines  of  to-day  are  the  only  one  which  are  not  operated  at  a 
loss. 


*The  grnnite  is  yoiinjjcr  than  tho  schists  in  which  the  vcin^  are  found,  and  underlies  them. 
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PREFACE  TO  THE  SECOND  EDITION. 

>wing  to  the  wide  interest  which  has  been  taken  in  the  Cobalt  mineral  deposits, 
)nly  in  Canada  but  throughout  North  America,  and  in  parts  of  Europe,  the  first 
m  of  6,000  copies,  published  in  November  last,  is  now  nearly  exhausted.  Since 
necessary  to  issue  the  present  edition  at  an  earlier  date  than  was  expected  there 
>een  little  opportunity  to  revise  either  the  text  or  the  accompanying  colored  geo- 
al  map.  The  first  edition  of  the  map  consisting  of  6,000  copies  was  published 
pril,  1905,  in  time  for  the  prospectors  who  were  then  entering  the  field.  It  was 
;ht  that  another  edition  might  not  be  required  until  the  heavily  wooded  and  moss- 
'ed  surface  was  sufficiently  cleared  so  as  to  enable  the  geology  to  be  worked  out 
'eater  detail  than  was  possible  daring  our  examination  of  the  area  in  1904.  It  is 
^nt,  however,  from  the  exhaustion  of  the  edition  that  the  map  has  served  most  of 
aeeds  of  prospectors.  As  the  number  of  men  in  the  field,  all  of  whom  will  need 
I,  seems  likely  to  be  greatly  increased  during  1906,  it  has  been  thought  best  to  issue 
;htly  revised  edition  without  waiting  until  more  field  work  has  been  done. 
3n  account  of  the  variety  and  relationship  of  the  rocks  outcropping  in  the  area  it 
it  possible  to  prepare  an  approximately  perfect  map  without  very  detailed  work, 
is  especially  true  of  the  localities  in  which  outcrops  of  Keewatin  and  Lower 
>nian  are  associated.  The  latter  group  is  derived  largely  from  the  former,  and 
rwo  are  frequently  so  intimately  connected  that  a  very  large  scale  map  would  be 
sd  to  represent  them  accurately.  Frequently  exposures  of  Lower  Huronian,  only 
7  feet  in  diameter,  overlie  the  Keewatin.  On  the  other  hand  small  exposures  of  the 
ratin  project  through  the  Huronian.  Again,  the  slaty  members  of  the  Lower 
mian  resemble,  especially  when  they  have  been  metamorphosed  by  intrusion  of 
ise,  the  more  characteristic  phases  of  the  Keewatin,  rendering  it  almost  impossible 
stinguish  certain  facies  of  the  one  from  the  other  in  the  field.  If,  however,  the 
jector  reads  carefully  the  marginal  notes  on  the  geological  map  and  visits  the 
ial  outcrops  of  the  Keewatin  and  Lower  Huronian,  there  mentioned,  it  is  believed 
ill  have  little  difficulty  in  most  cases  in  distinguishing  the  one  group  of  rocks  from 
tther.  Prospecting  during  the  coming  season  will  be  carried  on  miles  outside  of  the 
daries  of  the  geological  map,  but  if  the  prospector  on  first  entering  the  field  visits 
studies  some  of  the  more  typical  outcrops  of  rocks  in  the  Cobalt  area  proper,  he 
be  able  to  recognize,  in  most  cases,  similar  rocks  which  cover  a  large  territory  in 
part  of  Ontario. 

Post-Middle  Huronian  basic  rocks,  of  the  composition  of  diabase,  of  at  least  two  and 
bly  more  ages,  are  known  in  the  field.  It  is  desirable,  since  important  cobalt-silver 
{  occur  at  two  or  three  points  in  the  diabase,  that  these  should  be  studied  more 
fully  than  they  have  been  up  to  the  present  time. 

Origin  of  Ores 

The  writer  has  little  to  add  concerning  the  source  of  the  ores  to  what  was  said  in 
first  edition.  Whether  the  ore  minerals  were  carried  from  great  depths  by  the 
3d,  impure  waters  associated  with — following — the  diabase  eruption,  or  whether 
were  leached  from  the  Keewatin  greenstones,  is  a  problem  which  in  all  likelihood 
never  be  conclusively  solved.  As  stated  on  a  following  page,  analyses  of  specimens 
dewatin  and  later  diabase  give  no  clue  as  to  the  source  of  the  metals.  Diabase  in  the 
mnding  region,  as  for  example  in  the  township  of  Dymond,  ten  miles  north  of 
It  station,  and  in  the  township  of  Ingram,  thirty  miles  to  the  north,  has  been 
d  to  contain  cobalt  in  veinlets,  with  little  or  no  silver.     The  diabase  here  is  of 
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Huronian  age.    Hence  one  might  conclude  that  the  lack  of  silTer  in  these  Teinlets  wu 
due  to  the  absence  of  the  Keewatin.    That  this  conclusion  would  not  be  correct  is  seen 
from  the  fact  that  the  Keewatin  in  the  vicinity  of  Trout  lake,  and  eastward  south  o! 
Bay  lake  on  the  Montreal  river,  contains  at  a  number  of  points  considerable  cobalt, 
but,  in  so  far  as  the  writer  knows,  little  or  no  silver  is  here  associated  with  the  cobalt. 
Since  the  diabase  and  Keewatin  cobalt  deposits  so  far  discovered  outside  of  the  OobaH 
area  proper  do  not  contain  silver  in  paying  quantities,  must  we  look  to  another  rock 
as  the  source  of  this  metal?    The  Laurentian  granite  of  the  township  of  Lorrain,  out- 
crops of  which  are  not  known  much  nearer  than  two  miles  from  Cobalt  station,  would 
be  the  only  other  source.     It  scarcely  appears,  however,  that  this   granite  is  closely 
enough  associated  with  the  ore  bodies  to  be  the  source  of  the  silver.    Masses  of  granite 
may,  on  the  other  hand,  be  buried  beneath  the  Huronian  sediment  in  the  immediate 
vicinity  of  the  productive  silver  area  surrounding  Cobalt.    On  succeeding  pages  atten- 
tion is  drawn  to  three  old  and  now  practically  exhausted  mineral  areas  of  Europe,  the 
veins  in  all  three  of  which  resembled  very  closely  those  of  Cobalt,  Ont.,  especially  as 
regards  their  width,  all  being  very  narrow,  and  their  mineral  contents.    In  the  case  of 
one  of  these  localities,  at  least,  that  of  the  Chalanches,  it  has  been  sugegsted  by  an 
eminent  authority,  who  has  studied  the  veins,  that  the  cobalt  and  nickel  were  derived 
from  the  basic  rocks  and  that  the  silver  probably  came  from  the  le&"hing  of  deep-seated 
granite.     In  the  case  of  the  other  two  localities,  Annaberg  and  Joachimsthal,  it  has 
been  thought  that  the  ores  are  genetically  connected  with  the  granite. 

A  plan  showing  the  striking  relationship  which  the  three  isolated  areas — ^those  of 
Rabbit  lake,  to  the  south,  Cobalt  lake,  in  the  centre,  and  Wendigo  lake,  to  the  north- 
have  to  the  great  northeast-southwest  lines  of  weakness  in  the  area  is  given  (Fig.  15). 

Depth  of  Veins 

Little  can  be  said  in  addition  to  what  has  been  stated  in  the  first  edition  concerning 
the  depth  to  which  the  values  in  silver,  cobalt  and  nickel  will  continue.  At  the  La  Rose 
mine,  which  is  on  the  most  important  vein  yet  exploited,  it  has  been  proved  that  native 
silver  exists  at  the  depth  of  about  200  feet  from  the  surface.  The  maximum  depth  to 
which  veins  on  other  properties  have  been  tested  is  only  about  eighty  feet.  Judging 
from  the  experience  of  other  districts,  which  contain  veins  with  a  similar  assemblage 
of  ores,  native  silver  will  be  found  in  larger  quantity  in  the  upper  workings  than  in 
those  at  a  greater  depth.  This  was  the  case  at  Silver  Islet  on  Lake  Superior,  at  the 
Chalanches,  at  Annaberg  and  Joachimsthal,  and  in  other  localities,  where  native 
silver  has  been  worked.  It  seems  pretty  clear  that  in  most  veins  the  native  silver  is 
a  secondary  product,  formed  by  the  decomposition  of  the  sulphide  and  other  com- 
pounds. While  silver  in  the  free  state  will  probably  become  less  abundant  as  the  veins 
are  worked  to  a  greater  depth,  the  reverse  will  likly  be  true  of  its  compounds.  At  Silver 
Islet,  which  was  worked  to  a  depth  of  about  1,200  feet,  the  chief  production  came  from 
the  first  four  levels.  At  the  Chalanches  it  was  not  found  profitable  to  work  the  veins 
to  a  great  depth.  At  Annaberg  and  Joachimsthal,  on  the  other  hand,  narrow  veins 
similar  in  width  and  mineral  contents  to  those  of  Cobalt,  have  been  worked  profitably 
to  a  depth  of  between  1,500  and  2,000  feet.  The  writer,  on  general  principles,  would 
not  expect  the  values  in  the  veins  at  Cobalt,  except  as  regards  their  content  in  metallic 
silver,^  to  change  materially  so  long  as  the  veins  continue  in  one  series  of  rocks.  That 
is,  if  a  vein  is  worked  in  Lower  Huronian  rocks,  as  the  majority  of  them  are,  its  values 
should  not  change  materially  until  the  bottom  of  the  basin  in  which  these  rooks  lie  ii 
reached.  Or  if  a  vein  is  followed  from  the  surface  in  diabase,  its  values  should  con- 
tinue not  only  in  this  rock  but  also,  from  what  one  can  say  at  present,  into  the  Lower 
Huronian  as  well,  if  it  underlies  the  diabase,  as  it  does  in  many  parts  of  the  field. 
The  horizontal  extent  of  any  vein,  if  it  can  be  determined,  should  form  some  criterion 
as  to  the  depth  to  which  the  vein  can  be  followed. 
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Markets  and  Refining: 

Daring  the  last  two  or  three  months,  although  more  ore  has  been  mined  than  during 
»  similar  period  heretofore,  less  has  been  marketed.  This  is  owing  to  the  difficulty 
experienced  by  the  company,  which  was  practically  the  only  buyer  of  the  ores,  in 
treating  the  material  so  as  to  extract  all  the  valuable  contents.  Recently  ore  has  been 
sold  for  itfl  silver  content  alone,  nothing  being  received  for  the  cobalt,  nickel  or  arsenic, 
thus  entailing  great  loss  on  the  mine  owners.  This  state  of  things  cannot  long  continue. 
Similar  ores  have  long  .been  successfully  treated  elsewhere,  and  although  the  processes 
employed  in  the  extraction  of  the  metallic  contents  are  kept  more  or  less  secret,  the 
difficulties  in  making  use  of  them  or  in  employing  others  are  not  insurmountable. 

The  statistics  of  production  are  not  complete  owing  to  the  fact  that  comparatively 
little  ore  has  been  shipped  during  the  last  two  or  three  months,  on  account  of  the  state 
of  the  markets.  Adding  together  the  value  of  what  has  been  shipped  with  that  now 
stored  at  the  mines,  the  output  can  be  estimated  at  approximately  $2,000,000  during  the 
year  just  closed. 

Changes  in  Text  and  Figures 

A  few  illustrations  have  been  added  to  this  edition  (Figs.  2,  15,  17,  32,  etc.)  Some 
additions  have  been  made  to  the  text.  The  quantity  and  value  of  the  shipments  of 
cobalt-silver  ores  during  1905  is  given. 

An  interesting  account  of  the  '*Early  History  of  the  Cobalt  Industry  in  Saxony," 
summarized  by  Prof.  Geo.  R.  Mickle  from  a  German  publication,  will  be  found  in  the 
appendix. 

Reviews 

A  number  of  mining  and  geological  journals  have  published  reviews  of  the  first 
edition.  Among  these  reviews  are  those  in  the  Engineering  and  Mining  Journal  of 
New  York,  Mining  World  of  Chicago,  Canadian  Mining  Review  of  Ottawa,  and  in  the 
recently  founded  journal  of  Economic  Geology  of  South  Bethlehem,  Pa.  The  last  men- 
tioned review  is  by  Dr.  C.  K.  Leith,  of  the  University  of  Wisconsin,  who  has  made  a 
special  study  in  several  fields  of  the  group  of  rocks  found  in  the  neighborhood  of  Cobalt, 
where  he  has  also  spent  some  time. 

Benefits  and  Injuries 

The  discovery  of  the  rich  ore  bodies  at  Cobalt  came  at  an  opportune  time  for  the 
northeastern  part  of  the  Province  of  Ontario.  The  Government  railway,  the  Temis- 
kaming  and  Northern  Ontario,  is  being  built  northward  into  a  vast  territory  which 
needs  settlers.  Not  many  miles  northward  of  Cobalt  the  rocky  region,  traversed  by  the 
railway  for  the  first  hundred  miles  of  its  course,  gives  place  to  a  promising  agricultural 
district.  Farther  north,  over  the  height  of  land,  the  railway  taps  the  great  clay  belt 
which  has  been  estimated  to  contain  16,000,000  acres  of  fertile  lands.  Cobalt  has  served, 
and  will  serve,  as  the  lodestone  to  this  great  region  in  the  vicinity  of  Temiskaming  and 
northward.  Its  discovery  during  the  building  of  the  railway  was  thus  fortunate.  The 
cobalt-silver  veins  here  serve  the  purpose  which  the  auriferous  placers  of  Australia, 
California  and  British  Columbia  served  in  their  day.  They  attract  not  only  miners 
but  all  classes  of  people,  and  will  thus  bring  about  the  settlement  of  the  region  much 
earlier  than  would  the  stable  yet  comparatively  prosaic  industries  of  farming  and 
lumbenng. 

Cobalt  has  convinced  the  public  that  Ontario  has  deposits  of  ore  richer  than  are 
those  known  in  most  parts  of  the  world.  The  discovery  in  northern  Ontario  of  economic 
minerals  of  any  grade  of  richness  will  not  be  doubted  in  the  future.  It  will  be  different 
from  the  history  of  Cobalt,  which  although  described  in  both  the  daily  press  and  in 
technical  journals,  shortly  after  its  discovery,  received  little  attention  from  the  public 
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for  nearly  eighteen  months.  If  the  ore  bodies  had  been  in  some  remote  region  difficult 
of  access  its  history  as  regards  recognition  would  likely  have  been  otherwise.  There 
would  have  been  a  stampede  to  it. 

Although  the  Province  of  Ontario  has  thus  far  benefited  greatly  by  the  discorery 
of  Cobalt,  both  as  regards  the  attention  which  it  has  directed  to  our  minerals  and  the 
advertisement  which  it  has  been  for  the  undeveloped  resources  in  general  of  our  north 
country,  it  is  to  be  feared  that  another  period  of  stock- jobbing  may  be  ushered  in.  The 
ignorance,  credulity  and  superstition  of  many  people  is  vast  concerning  mining  enter- 
prises. A  few  rich  ore  bodies  are  discovered  in  a  district,  hundreds  of  worthless  claims 
are  represented  as  being  promising,  and  a  ''boom''  is  launched.  People  buy  so-called 
mining  stocks,  and  forever  after  are  cynical  concerning  the  mineral  industry.  That 
a  boom  has  baneful  effects  on  the  mineral  industry  is  patent  to  all  mining  men  in  this 
country.  Since  the  collapse  of  the  boom  which  began  in  the  90* s  it  has  been  almost 
impossible  to  raise  capital  on  mining  enterprises  no  matter  how  promising  they  can  be 
proved  to  be.  It  is  to  be  feared  that  a  similar  state  of  affairs  will  exist  in  two  or  three 
years  if  a  boom  is  now  started  in  connection  with  the  Cobalt  area.  As  regards  this  field 
one  thing  should  be  remembered.  It  is  this, — that  while  certain  claims  have  been 
passed  by  the  inspectors,  there  is  no  evidence,  in  many  cases,  that  these  properties 
will  ever  become  dividend  payers.  It  should  also  be  remembered  that  it  takes  little 
capital  at  Cobalt  to  prove  the  quality  of  most  claims,  and  that  a  majority  of  those 
staked  will  prove  barren.  Companies  do  not  need  to  be  capitalized  at  high  figures. 
No  part  of  the  world  to-day  offers  better  opportunities  for  legitimate  mining  enter- 
prises than  does  Ontario  and  Canada  in  general.  It  is  to  be  hoped  that  the  industry 
will  not  receive  another  sot-back  through  mining  on  paper. 

W.  O.  M. 
Toronto,  February,  1906. 


COBALT-NICKEL  ARSENIDES  oAND    SILVER 

BY  WILLET  Q.  MILLER 

Introduction 

What  is  known  as  the  Archean  protaxis,  or  that  rugged,  rocky  region  which  stretches 
away  from  the  St.  Lawrence  river,  expanding  to  the  northwestward,  and  occupying  a 
large  part  of  northern  Ontario,  has  produced  and  is  constantly  producing,  a  group  of 
what  may  be  called  unique,  or  at  least  comparatively  rare,  economic  minerals.  Pro- 
bably as  great  a  variety  of  minerals  is  produced  here  in  proportion  to  the  number  of 
inhabitants  as  is  derived  from  any  other  country.  Among  these  economic  deposits 
are: 

The  nickel  mines  of  Sudbury,  which  is  one  of  the  two  important  nickel  producing 
localities  of  the  world,  with  the  bye-products,  platinum  and  palladium; 

The  corundum  deposits  of  north  Hastings,  south  Renfrew  and  other  areas  in  eastern 
Ontario,  which  now  supplies  by  far  the  greater  part  of  the  corundum  consumed  in  the 
world ; 

The  unsurpassed  feldspar  and  mica  deposits  of  Frontcnac  and  adjoining  counties 
and  the  apatite,  graphite,  pyrite,  talc,  gold,  copper,  zinc,  lead,  fluorite  and  barite  of 
the  same  district; 

The  iron  ranges,  which  extend  over  a  great  territory  in  northern  and  northwestern 
Ontario,  but  which,  up  to  the  present,  have  not  been  developed  to  a  great  extent. 

In  addition  to  these,  it  may  be  said  that  a  few  years  ago  north  Hastings  possessed 
the  only  arsenic  plant  in  North  America.  More  recently  the  auriferous-arsenic  ores  of 
Temagami  were  made  known,  and  lastly  a  discovery  has  been  made  of  the  series  of 
Cobalt-Nickel  Arsenides  and  Silver,  which  are  unique,  so  far  as  known,  on  this  continent, 
and  are  paralleled  by  deposits  only  in  Saxony  and  adjacent  regions  of  continental 
Europe. 

The  eastern  part  of  this  region  is  also  noted  for  certain  minerals  which  can 
scarcely  be  said  to  be  of  economic  value,  but  are  of  great  scientific  interest.  The  largest 
and  finest  crystals  of  the  mineral  zircon  in  the  museums  of  the  world  come  from  eastern 
Ontario,  tis  do  also  sphenes,  pyroxoues,  scapolites  and  other  crystals.  Sodalitc.  marble 
and  other  decorative  materials  are  also  found  here. 

Situation  and  Discovery 

A  brief  description  of  the  character  and  modes  of  occurrence  of  the  Cobalt-Silver 
ores  of  the  area  examined  during  1904  is  given,  as  marginal  notes,  on  the  colored  geo- 
logical map  which  accompanies  this  report.  For  practical  purposes,  it  is  not  necessary 
to  add  much  to  these.  In  the  report  which  was  published  in  the  Thirteenth  annual 
,  volume  of  the  Bureau  of  Mines  an  account  of  the  discovery  and  location  of  the  ore 
bodies  was  given.     It  may  be  well  to  repeat  briefly  some  of  this  information. 

These  ore  bodies  which  carry  values  in  silver,  cobalt,  nickel  and  arsenic,  were 
discovered  during  the  building  of  the  Temiskaming  and  Northern  Ontario  Railway.  In 
fact,  it  may  be  said  that  the  railway  discovered  the  deposits,  as  it  runs  almost  over  the 
top  of  what  is  probably  the  most  important  vein  yet  found.*     The  finding  of  such  rich 

I  It  may  be  added  that  the  Canndian  Pacific  railway  virtually  discovered  the  Sudbury  nickel  deposits.  9()  miles 
to  the  w^uthwest  of  Ck>balt.  It  can  thus  be  s>iid  that  each  of  the  two  rail  vays,  thus  far  built  in  this  part  of  Ontario, 
brought  to  light  an  important  and  little  dreamed  of  mineral  field. 

A  FORECAST. 

It  may  be  intereating  to  note  that  the  writer  made  the  following  comment  on  the  mineral  possibilitie*'  of  the 
difltrict  in  a  report  over  two  years  before  the  discovery  of  the  Cobalt  deposits— 

"  It  will  be  seen  from  what  has  been  stated  on  preceding  pages  that  the  district  examined  contains  as  great  a 
variety  of  rocks  as  probably  any  part  of  the  Province  of  equal  area .         .... 

"Although  few  discoveries  of  economic  minerals  have  been, made  in  this  territory,  it  may  rea.sonably  be 
expected,  judging  from  the  character  and  the  variety  of  the  rocks,  that  deposits  of  value  will  be  found  when  the 
district  Is  more  carefully  prospected,  as  it  will  be  in  a  short  time,  owing  to  the  rapid  settlement  which  i«  now 
taking  place  .  .  .  .  It  would  seem  that  at  least  some  of  the  conditions  o'  the  Sudbury  district  are  repeated  in  this 
more  eastern  field."  (Report  on  "Lake  Temiskaming  to  the  Height  of  Land"  In  the  Eleventh  Report  oi  the 
Bureau  of  MineJ»,  page  229.)  This  report  gives  an  account  of  the  rocks  and  of  the  canoe  routes  from  Lake  Temis- 
kaming northward  to  the  Height  of  Land,  and  may  now  be  found  to  be  of  service  to  prospectors. 
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ore  within  so  short  a  distance  of  the  shore  of  lake  Temiskaniing,  a  stretch  of  water 
which  has  been  a  well-travelled  route  to  the  north  by  white  men  for  200  years  or  more, 
and  the  deposits  being  only  about  four  miles  from  the  town  of  Haileybury,  show  the 
possibilities  there  are  for  the  discovery  of  important  mineral-bearing  areas  in  the  vast 
hinterland  of  Ontario,  much  of  which  is  little  known.  The  first  of  these  ore  bodies 
to  be  worked  lies  within  half  a  mile  of  what  is  now  known  as  Cobalt  station,  distant 
by  rail  103  miles  from  North  Bay  junction  on  the  transcontinental  line  of  the 
Canadian  Pacific,  and  330  miles  almost  north  of  the  city  of  Toronto. ^  It  may  also  be  added 
that  one  of  the  oldest  know  ore  bodies  in  North  America,  the  argentiferous  galena 
on  the  east  side  of  lake  Temiskaming,  is  distant  only  8  or  9  miles  from  Cobalt  station. 
This  galena  deposit  was  apparently  discovered  by  voyageurs  150  years  ago.  A  map  of 
the  lake  published  in  1744  has  a  bay  marked  on  it  with  the  name  ''Anse  a  la  Mine/' 
thus  showing  that  the  deposit  was  known  at  least  at  that  date,  and  probably^  much 
earlier,  owing  to  the  fact  that  the  ore  outcrops  at  the  water's  edge  and  is  of  such  a 
character  as  to  attract  attention  (Fig.  2). 

Some  of  these  veins  in  the  vicinity  of  Cobalt  station  were  apparently  noticed  by 
the  men  employed  in  railway  construction  in  the  spring  of  1903,  but,  there  being 
no  miners  or  prospectors  among  them,  little  interest  was  aroused  and  nothing  was 
heard  of  the  discovery  by  prospectors  till  October  of  the  same  year.  At  that  time 
Mr.  T.  ,W.  Gibson,  Director  of  the  Bureau  of  Mines,  then  in  that  part  of  the  Province, 
was  given  a  sample  of  niccolite  which  the  donor  thought  was  copper  ore,  the  color  of 
this  mineral  being  like  that  of  copper  as  the  German  name,  kupfer-nickel,  indicates. 
Mr.  Gibson,  however,  recognized  the  value  of  the  sample  and  forwarded  it  to  the 
writer,  who  was  then  in  the  eastern  part  of  the  Province,  and  asked  him  to  make  a 
report  on  the  occiirrence  as  soon  as  possible.  The  writer,  although  he  knew  the  speci- 
men represented  high  class  ore,  hardly  expected  to  find  ores  of  the  character  and  in 
the  quantity   which  he  saw   on    his  arrival. 3     This   mineral,   niccolite,   had    been   fonnd 

*  The  name  cobalt  appears  to  come  from  the  (lermnii  Kobohl.  mcuninK  poblin  or  house  spirit.  The  metal  was 
lo  called  by  the  miners  becaiLSc  its  ore,  beinp  arsenions.  was  poisonous  and  ditlicnll  to  treat.  The  "writer  felt, 
however,  when  he  suggrcsted  the  name  for  the  town,  that  in  this  age  such  a  name  would  not  be  considered 
unlucky. 

THK  CIIRISTEXIXG  OF  THK  TOWN  OF  COBALT. 

Fearing  that  the  name  "  Long  Lake,"  which  had  been  in  use  for  the  con.itructiou  camp,  would  be  retained  for 
the  station  which  It  had  been  decided  to  place  at  this  pKjint  on  the  railway,  the  writer  endeavored  to  select  a  name 
which  would  be  in  keeping  with  the  loc4iiity.  As  an  experiment  he  put  up  a  po^t,  in  the  tirst  week  of  June,  1904. 
on  the  railwav  nenr  the  lake  and  wrote  on  a  piece  of  board  attached  to  the  post.  "  Cobalt  Station.  T.  «fc  N.  O.  Ry." 
The  name  took  at  once,  as  was  seen  when  the  writer  visited  Haileybury  a  few  days  afterwards.  The  workmen  and 
others  from  Long  Lake  who  had  registered  at  the  hotel  in  the  meantime  had  all  given  their  address  as  "  Cobalt." 

On  the  7th  of  June.  1904,  the  writer  wrote  to  Mr.  T.  W.  Gibson,  Director  of  the  Bureau  of  Mines.  Ct  ncerning 
the  name  of  the  station. 

EXTRACT  FROM  LETTER  FROM  W.  G.  xMILLER  TO  T.  W.  GIBSON. 

"  I  wish  you  would  suggest  to  the  (■ommissi oners  of  the  T.  tt  N.O.  Ry..  or  whoever  ha-^  the  naming  of  the 
stations  along  the  line,  that  they  call  this  station  at  Long  I^ke.  Cobalt  Station."  "There  will  be  a  post  office  here 
in  time— there  are  enough  people  here  for  one  already— and  tliere  is  now  a  Long  Lake  post  office  in  Frontenac 
County.  The  name  "Cobalt  "  would  be  unique.  It  would  serve  to  advertise  ihe  place  and  miners  and  others 
would  not  get  mixed  in  their  stopping  oflf  place,  as  they  might  if  the  sUition  is  simply  called  *  Long  Lake.'  ** 

On  June  11th,  Mr.  Gibson  wrote  to  the  Secretary  of  ihe  Railway  Commission,  Mr.  P.  A.  Ryan,  concerning  tlie 
calling  of  the  station  "  Cobalt."    Two  days  afterwards  on  June  13th.  Mr   Ryan  wrote  as  follows  to  Mr.  Gibeon  : 

"  1  beg  to  acknowledge  receipt  of  your  favor  of  the  11th  inst,  suggesting  that  the  station  which  will  probably 
be  established  at  Ix)nf  Lake,  south  of  the  Township  of  Bucke  be  called  "  Cobalt."  The  suggestion  which  you  make 
strikes  me  as  being  a  good  one,  and  I  shall  have  pleasure  in  bringing  vour  letter  bef(»re  the  Commission  at  the  pro- 
per time." 

Shortly  after  the  receipt  of  Mr.  Ryan's  letter  the  Commissioners  met  and  accepted  the  name  "Cobalt"  for 
the  station,  which  is  now  known,  probably,  at  least  as  widely  as  Dawson  City  and  the  Klondike. 

3  At  the  time  of  the  writer's  arrival  in  the  district,  in  November  1903.  4  veins,  all  of  which  were  very  rich,  had 
been  found.  Three  of  the.se  were  within  sight  of  the  railway  and  the  fourth  was  a  short  dist&nce  to  the 
southeast.  The  blackened,  tarnished  silver  had  up  to  that  time  attracted  little  or  no  attention,  although  it 
occurred  in  profusion  in  two  or  three  of  the  weathered  outcrops.  At  the  present  time  over  40  veins  and  siringerc. 
the  majority  of  which  can  be  worked  at  a  profit,  have  been  found.  They  are  distributed  over  approximately  25 
forty-acre  lots,  and  are  in  the  hands  ot  16  or  20  individuals  or  companies.  Other  veins  are  being  found  every  few 
days.  Although  the  writer's  first  report  of  his  examination  of  this  cobalt-silver  area  was  published  in  November. 
1903.  the  public  evinced  little  interest  in  the  field  until  about  eighteen  months  afterwards,  when  reports  were 
made  of  shipments  from  various  properties.  The  lack  of  interest  was  apparently  due  to  the  fact  that  the  evil 
effects  of  the  mining  boom  of  a  few  years  ago  had  not  died  out,  and  the  public  were  more  or  less  sceptical  of 
reports  on  mining,  no  matter  from  what  source  they  might  emanate.  By  June.  1905,  interest  was  aroused  In  the 
district  throughout  North  America,  and  the  rush  to  Cobalt  has  been  greater  than  has  been  seen  before  in  the  mining 
fields  of  Ontario. 

The  following  extracts  from  letters  written  in  the  autumn  of  1903  by  Mr.  T.  W.  Gibson,  Director  of  the  Bureau 
of  Mines,  may  now  have  .some  historical  interest. 


No.  5  Bureau  of  Mines 


some  years  before  in  association  with  the  lower  grade  nickel  ores  of  some  of  the  Sudbury 
deposits,  but  no  great  quantity  of  it  has  up  to  the  present  been  discovered  in  the 
Sudbury  field,  the  town  of  which  name  lies  about  90  miles  southwest  of  Cobalt  station. 
It  may,  however,  be  stated  that  the  Sudbury  ore  deposits  are  quite  different  in  character 
and  in  origin  from  those  at  Cobalt,  although  the  metal  nickel  is  an  economic  constituent 
in  each.  The  Sudbury  deposits  have  received  a  great  deal  of  attention  from  geologists 
during  the  last  fifteen  years  or  more,  and  two  important  reports  have  recently  been 
published  on  th^n.  These  are  by  Dr.  A.  E.  Barlow,  of  the  Geological  Survey,  and  by 
Professor  A.  P.  Coleman,  of  this  Bureau.  Nearly  all  the  writers  agree  that  the  ores 
are  essentially  of  igneous  origin, — that  is,  that  the  nickeliferous  magnetic  pyrites  or 
pyrrhotite  and  copper  pyrites  have  separated  from  a  molten  mass  of  rock.  The  deposits 
at  Cobalt,  on  the  other  hand,  occupy  narrow,  practically  vertical  fissures  or  joints 
which  cut  through  a  series  of  usually  slightly  inclined  metamorphosed  fragmental  rocks 
of  Lower  Huronian  age  (Fig.  1).  A  few  veins,  of  similar  form,  have  also  been  found 
in  the  adjacent  diabase.  Some  of  the  recently  discovered  veins  near  the  centre  of 
location  B.  L.  404  appear  to  be  partly  or  wholly  in  the  Keewatin,  which  is  here  in 
contact  with  the  Lower  Huronian. 

The  material  in  these  veins  has,  in  all  likelihood,  been  deposited  from  highly 
heated  and  impure  waters  which  circulated  through  the  cracks  and  fissures  of  the  crust 
and  were  probably  associated  with — followed — the  post-Middle  Huronian  diabase  and 
gabbro  eruption. 4  It  is  rather  difficult  to  predicate  the  original  source  of  the  metals — 
silver,  cobalt,  nickel,  arsenic  and  others — now  found  in  these  veins.  They  may  have  come 
up  from  a  considerable  depth  with  the  waters  or  they  may  have  been  leached  out  of 
what  are  now  the  folded  and  disturbed  greenstones  and  other  rocks  of  the  Keewatin. 
Analyses  of  various  rocks  of  the  area  have  not  given  a  clue  as  to  the  origin  of  the  ores. 
As  these  ore  bodies  in  the  vicinity  of  Cobalt  station  may  be  said  to  be  unique  among 
those  known  in  North  America,  we  have  no  chance  of  instituting  comparisons  on  this 
continent.  Some  European  veins,  however,  such  as  those  of  Annaberg,  Joaohimsthal  and 
other  localities  which  will  be  again  referred  to,  show  a  similar  association  of  minerals. 
The  origin  of  these  has  been  explained  by  most  authors  by  the  supposition  that  the 
metals  were  leached  from  the  surrounding  rocks.  The  writer  has  found,  however,  from 
the  descriptions  which  have  been  published  of  most  of  these  European  occurrences,  that 
there  are  usually  basic  dikes  in  the  vicinity  of  the  veins.     These  dikes  appear  to  have, 


(Extract  from  letter  irom  T.  W.  Gibson  to  W.  G.  Miller,  then  inspecting  mineral  properties  in  the  vicinity 
of  Perth.  Ont)  . 

"  Bureau  of  Mines,  Toronto.  Oct  26th,  29C8. 

*'  I  am  enclosing  herewith  a  fragment  of  a  larger  sample  of  what  I  take  to  be  kupfer-nickel  found  along  the 
line  ot  the  Temiskaroing  <&  Northern  Ontflrio  Railroad.  Tne  locality  of  the  deport  ia  in  the  unsurveyed  terntorv 
immediately  south  of  the  township  of  Bucke  I  have  not  learned  anything  as  to  the  extent  of  the  discovery,  but  If 
the  depcwit  is  of  any  considerable  size,  it  will  be  a  valuable  one  on  account  of  the  high  percentage  of  nickel  which 
this  mineral  contains.  I  think  it  will  )»e  almost  worth  your  while  to  pay  a  visit  to  the  locality  of  the  discovery 
before  navigation  closes.  I  am  under  the  impression  that  the  find  was  made  while  making  tl^e  cutting  for  the 
railway.  Mr.  Ferland,  of  Haileybury.  showcdf  me  a  sample  of  the  mineral  when  I  was  there,  but  he  did  not  appear 
to  recqKnize  it  or  know  its  value,  deeming  it  a  compound  of  copper.  It  would  be  rather  remarkable  should  our 
nickel  deposits  turn  out  to  have  a  wider  range  than  nas  hitherto  been  supposed,  and  especially  ii  the  new  outcrop 
should  be  a  large  one  containing  ore  of  so  high  a  grade." 


lExtract  from  letter  from  T.  VV/Gibson  toiW.rG.  Miller.'addressed  to  Haileybury.) 

Bureau  of  Mines.  Toronto,  Nov.  13th,  1903. 

*•  I  duly  received  vour  letters  of  the  6th  and  9th  Inst.,  respecting  the  progress  you  are  making  in  looking  up 
the  really  wonderful  nnds  which  appear  to  have  been  msde  in  the  locality  where  you  are.  I  hope  you  will  be 
able  to  procure  a  first-class  set  of  samples  for  the  Bureau  from  all  the  discoveries,  and  am  waiting  with  some 
decree  of  anxiety  your  report  on  the  western  deposit,  namelv.  the  one  at  Loon  Lake." 

On  November  16th,  1903.  the  Toronto  "  Globe"  had  a  half  column  article,  based  on  letters  of  W.  G.  Miller  to 
to  the  Bureau  of  Mines.  The  following  sentences  indicate  the  tenor  of  the  article:  "Rich  discoveries  along 
government  railway.  .  .  .  Exceeding  rich  in  nickel.  .  .  .  Silver,  cobalt  and  arsenic  also  found.  .  .  . 
One  specimen  of  silver  obtained  bv  Mr.  Miller  was  about  the  size  of  his  hand,  and  half  an  inch  thick." 

On  November  20th  another  half  column  article,  an  interview  with  W.  G*  Miller,  appeared,  in  which  are  these 
sentences,  '*  TemiskAming  minerals  .  .  .  Prof.  Miller  returned  with  samplea.  Says  there  is  no  doubt  as  to  the 
importance  of  the  find.    .    .    .    One  large  piece  of  silver  weighs  about  ten  pounds." 

Interviews  of  this  date  also  appeared  in  several  other  Toronto  newspapers. 

*  The  waters  are  said  to  be  associated  or  connected  with  the  diabase  eruption  in  the  sence  that  they  probably 
represented  the  end  product  of  the  eruption.  In  many  volcanic  regions  hot  springs  are  present  long  after  the 
the  rocks  have  solidified..  In  the  Cobalt  area  the  fissures  and  joints  now  occupied  by  the  ores  were  probably  pro- 
duced by  the  gradual  shrinkage  In  cooling  of  the  diabase,  the  ores  being  deposited  by  the  waters  which 
represented  the  last  stage  of  vulcanicity. 
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in  some  cases,  the  same  relation  to  the  ore  bodies  that  those  of  diabase  and  gabbro  hare 
in  the  Ontario  cobalt  region. 

Ores  and  Minerals. 

The  more  important  ores  in  the  veins  under  consideration  are  native  silver, — 
associated  with  which  is  usually  some  dyscrasite,  argentite,  pyrargyrite  and  other 
compounds  of  the  metal — smaltite,  niccolite  and  related  minerals.  Many  of  the  minerals 
occur  mixed  in  the  ores,  and  for  this  reason  some  of  them  have  not  been  clearly  identified. 
Another  character  of  the  minerals  which  renders  their  identification  difficult,  is  the 
fact  that  most  of  them  occur  in  the  massive  form.  Crystals  when  present  are  small, 
being  almost  microscopic  in  siae.  The  writer  has,  however,  identified  the  following 
minerals,  which  can  be  conveniently  classed  under  the  headings: 

1. — Native  Elements : 

Native  silver,  native  bismuth,  graphite. 

11. — Arsenides : 

Niccolite,  or  arsenide  of  nickel,  NlAs ;  chloanthite,  or  diarsenide  of  nickel,  NiAss  ;  smaltit, 
or  diarsenide  of  cobalt,  CoAsa. 

ill. — Arsenates : 

Erythrite,  or  cobalt  bloom.  Go,  As^  Oe-f-BH,0  ;  and  annabergite,  or  nickel  bloom,  Ni,  As^ 
Oe-f-S  HjO. 

iV. — Sulphides : 

Argentite,  or  silver  sulphide,  Ag^S ;  millerite,  or  nickel  sulphide,  NiS. 

V, — Sulph-areenide ; 

Mispickel,  or  sulph-areenide  of  iron,  Fe  AsS ;  cobaltite,  or  sulph-arsenide  of  cobalt,  CoAsS. 

Vi. — Antimonide : 

Dyscrasite,  or  silver  antimonide,  Ag^Sb. 

Vii.-^ulph-antimonides : 

Pyrargyrite,  or  dark  red  silver  ore,  Ags  SbSj ;  tetrahedrite,  or  sulph-antimonide  of  copper, 

CueSbaS,. 

In  addition  to  the  above  minerals  there  are  a  number  of  secondary  or  decomposition 
products  with  rather  indefinite  characteristics,  such  as  asbolite,  which  may  be  called  a 
much  weathered  form  of  cobalt  bloom.  It  consists  essentially  of-  the  oxides  of  cobalt, 
manganese,  etc.  The  cobalt  bloom  and  annabergite  occur  intermixed,  at  times,  in  pro- 
portions such  that  the  red  color  of  the  former  counteracts  the  green  color  of  the  latter, 
a  white  clay-like  substance  being  the  result.  There  are  occasionally  other  sulphides 
present  than  those  mentioned,  especially  in  the  wall  rock.  These  consist  of  copper 
pyrites  and  bornite,  which  are  the  sulphides  of  copper  and  iron ;  galena,  the  sulphide  of 
lead;  and  iron  pyrites,  the  disulphide  of  iron.  Zinc  blende  is  found  occasionally. 
These  minerals  in  the  wall  rock  were  probably  deposited  before  the  vein  materials. 

One  is  struck  with  the  great  variety  of  these  comparatively  rare  minerals,  some 
of  which  occur  in  a  high  percentage  in  the  deposits.  The  number  of  metals  is  also 
large. 

A  characteristic  of  the  group  is  the  subordinate  part  which  sulphur  plays  in 
comparison  with  arsenic.  Antimony,  which  is  not  abundant,  is  found  in  some  com- 
pounds where  we  would  expect  to  find  arsenic,  since  the  latter  is  so  much  more  abun- 
dant. For  instance,  while  we  have  both  native  silver  and  arsenides  in  abundance,  no 
compounds  of  arsenic  and  silver  have  yet  been  recognised,  although  they  are  probably 
present.  Then  one  would  also  expect  to  find  some  compounds  of  bismuth  since  this 
metal  occurs  in  the  free  state  in  considerable  quantities  in  some  parts  of  the  deposits. 
It  might  also  be  expected  that  native  arsenic  would  occur  at  times. 

It  will  be  seen  from  a  following  page  that  nearly  all  the  chemical  groups  of  minerals 
found  in  the  celebrated  Joachimsthal  deposits  of  Bohemia  are  present  in  the  Temiskam- 
ing  ores.  The  most  important  exception  is  uraninite  or  pitchblende,  which  came  into 
prominence  a  few  years  ago  on  account  of  its  being  the  chief  source  of  the  element 
radimm.  The  Austrian  Government  finding  they  had  a  practical  monopoly  of  pitch- 
blende are  reported  to  have  prohibited  its  export. 

The  Bohemian  deposits  appear  never  to  have  been  so  rich  in  silver,  cobalt,  nickel 
or  arsenic  as  are  those  of  Ontario. 
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NOTES  ON  MINERALS 

The  5  or  6  yeins,  with  one  exception,  which  were  the  first  to  he  worked,  all  carry 
high  values  in  silver,  as  do  those  discovered  more  recently.  The  outcrop  of  the  non- 
silver  hearing  vein  was  ahout  14  inches  in  width  of  practically  solid  ore,  which  had 
a  gray  color  and  was  not  unlike  mispickel  in  appearance^  (Fig.  6).  Very  little  vein- 
stone, such  as  calcite,  or  quartz,  was  present.  When  examined  carefully  in  hand 
specimens,  this  apparently  massive,  uniform,  gray  ore  is  found  to  contain  two  con- 
stituents. Set  through  the  gray  round  mass  are  grains  of  the  copper  colored  niccolite, 
the  ground  mass  itself  being  smaltite.  Occasionally  this  ore  in  tiny  vugs  shows 
crystals  large  enough  to  be  recognized.  Minute  crystals  of  smaltite  also  occur  in 
the  wall  rock.  No  crystals  of  the  niccolite  have  been  recognized.  There  are  probably 
some  other  closely  related  arsenides  of  cobalt  in  addition  to  smaltite  in  this  ore. 
The  diarsenide  of  nickel,  chloanthite,  is  also  present.  At  times  some  massive  tetrahe- 
drite  is  seen,  and  it  is  usually  associated  with  copper  pyrites,  which  helps  one  to  identify 
it.  It  is,  however,  usually  readily  recognizable  by  its  black  color  and  bright  appear- 
ance. 

Much  of  the  surface  of  this  ore  shows  the  decomposition  product,  cobalt  bloom,  the 
arsenide  having  been  changed  by  atmospheric  agencies  to  the  arsenate,  the  oxidized 
form.  There  is  at  times  some  green  decomposition  material,  which  is  the  arsenate  of 
nickel,  known  as  anUabergite.  Occasionally  the  cobalt  bloom  shows  a  crystalline  structure, 
being  in  the  form  of  delicate  rosettes.  The  bloom,  which  is  of  a  delicate  pmk  color, 
can  be  easily  recognized,  if  one  has  any  difficulty  in  distinguishing  it  from  -certain 
shades  of  red  oxide  of  iron,  by  heating  it  gently,  when  it  will  take  on  a  blue  color. 
This  is  characteristic  of  all  hydrated  salts  of  cobalt.  They  are  pink  or,  if  in  dilute 
solutions,  almost  colorless.  Sympathetic  ink,  for  instance,  is  a  dilute  solution  of  cobalt 
salt.  If  a  pen  be  dipped  into  it  and  used  for  writing  on  paper,  the  writing  is  invisible 
until  the  paper  is  heated,  driving  off  the  water  and  dehydrating  the  salt,  which  then 
takes  on  a  distinct  blue  color. 

In  most  of  the  veins  where  silver  is  found  in  important  amounts,  a  uniform  massive 
strneture  like  that  of  the  vein  just  referred  to  is  not  exhibited.  There  is  more  or  less 
calcite  present,  and  at  times  a  little  quartz.  The  veins  sometimes  show  a  crudely 
banded  structure.  The  writer  is,  however,  unable  to  say  that  there  is  any  special 
arrangement  of  the  ores  in  these  veins. 

The  ores  are  frequently  grown  together.  Arsenides  of  cobalt  and  nickel,  for 
example,  have  native  silver  intimately  mixed  with  them ;  at  other  times  there  is  almost 
massive  smaltite  or  niccolite.  Some  of  the  veinlets  which  form  junctions  with  the 
larger  veins  contain  much  silver  in  various  forms.  The  chloanthite  occurs  characteris- 
tically in  small  spheroidal  masses  in  calcite. 

The  native  silver  is  in  masses  and  also  occurs  in  films,  flakes,  sheets  and  wire-like 
forms,  e^seialls  in  calcite.  On  analysis  it  is  found  to  contain,  usually,  some  antimony 
and  occasionally  bismuth.  The  dyscrasite  is  usually  closely  associated  with  native 
silver.  P3rrargyrite  is  not  very  abundant,  and  only  one  slab  or  angular  piece  of  ore 
which  the  writer  examined  contained  crystals  of  this  mineral.  These  were  of  sufllcient 
sise  to  be  examined  with  a  reflecting  goniometer.  Pig.  4  represents  one  of  these  crystals 
which  has  been  kindly  measured  by  Professor  Goldschmidt,  of  the  University  of  Heidel- 
berg. The  pyrargyrite  is  rather  easily  recognized  by  the  color  of  its  streak.  Argentite 
oocnrs  in  a  number  of  the  veins,  and  is  easily  recognized  by  its  softness,  cutting  like 
lead,  from  which  metal  it  may  be  distinguished  by  its  black  color. 

Only  one  sample  containing  the  delicate  needles  or  hair-like  forms  of  the  sulphide 
of  nickel,  millerite,  was  found,  although  it  is  likely  this  mineral  occurs  in  most  of  the 
deposits.    Being  so  delicate,  the  cr3r8tal8  are  easily  destroyed. 

Native  bismnth  has  been  found  in  all  of  the  deposits  worked.  On  freshly  broken 
surfaces  it  has  almost  the  color  of  native  silver,  and  is  not  readily  recognized  unless  it 
is  cut.    Being  softer  than  silver,  it  is  rather  easily  determined,  its  color  distinguishing 
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it  from  argentite.     Natiye  bismuth,  howerer,  soon  tamisheB  on  exposure  to  the  air, 
and  takes  on  a  rather  striking  yellowish  color,  something  like  that  of  pyrite  or  bornite. 

The  following  analyses  will  giro  some  idea  of  the  characteristics  of  the  minerals  and 
of  the  yalue  of  the  shipments  which  hare  been  made  from  a  number  of  the  deposits,  the 
material  in  one  vein  being  similar  to  that  in  most  of  the  others. 


Fig.  4. 

The  following  note  on  the  pyrargyrite  crystals  from  the  La  Rose  mine  is  by  Prof. 
Niool: 

**  The  crystals  occur  as  an  incrustation  on  the  surfaces  of  chinks  or  cracks  in  the 
country  rock  intimately  associated  with  argentite  or  silver  glance. 

*'The  crystals  are  more  or  less  well  developed  hexagonal  prisms,  terminated  in  eome 
cases  by  rhombohedrons  and  scalenohedrons.  The  crystal  reproduced  in  the  drawings 
shows  a  somewhat  peculiar  development — only  five  faces  of  the  prism  of  the  first  order  a 
are  present;  the  sixth  face  b  is  a  single  representative  of  the  prism  of  the  second  order." 

Shipments  and  Analyses 

The  production  for  the  first  quarter  year  ending  March  31st,  during  which  ship- 
ments were  made,  was  354.05  tons  of  ore  valued  at  $293,552.  The  ore  thus  averaged 
$829  a  ton.    The  average  percentage  of  the  metals  in  the  ore  was  as  follows: 

Per  cent. 

Silver   4.802 

Cobalt    8.264 

Nickel    4.739" 

Arsenic    34.606 

The  4.802  per  cent,  of  silver  represents  1,406.27  ounces  a  ton.  The  cobalt,  nickel 
and  arsenic  in  one  car  load  are  not  included,  no  returns  having  been  made. 

During  the  second  quarter,  March  3l8t  to  June  30th,  the  shipments  were  537  tons, 
valued  at  $394,552,  or  an  average  of  $734  a  ton. 

The  average  percentage  of  the  metals  in  the  ore  for  this  quarter  was : 

Per  cent. 

Silver    

Cobalt 

Nickel    

Arsenic    , 


>••••• 


>•••••• 


4.158 

6.890 

8.091 

30.912 
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The  metals  in  the  ore  were  sold  at  approximately  the  following  prices:  Silver,  55 
to  60  cents  an  os.  Troy  tor  90  per  cent,  of  the  contents,  cobalt,  65  cents,  nickel,  12  to 
15  cents,  and  arsenic  about  1  cent  a  pound. 

During  the  first  quarter  there  were  four  companies  or  individuals  who  made  ship- 
ments, namely,  Messrs.  Timmins,  Dunlap  and  McMartin,  of  the  La  Rose  mine,  or 
J.  S.  14,  Mr.  W.  G.  Trethewey,  of  the  New  Ontario  mine,  or  J.  B.  7,  Messrs.  R. 
Gk>rman  and  Co.,  of  the  McKinley  and  Darragh  mine,  or  J.  B.  1,  and  the  Nipissing 
Mining  Company,  who  worked  the  Cobalt  Hill  and  Little  Silver  veins  in  the  north- 
west and  southwest  corner  of  R.  L.  404  respectively.  During  the  second  quarter  smaU 
shipments  were  made  from  one  or  two  other  properties. 

Total  Shipments  for  1905 

The  Ciiiiipanies  shipping  ore  during  the  third  and  fourth  quarters  of  the  year  1905, 
in  addition  to  those  mentioned  above,  were  the  Kerr  Lake  Mining  Company,  Victoria 
Mining  Company,  Buffalo  Mining  Company,  Trethewey  &  Leonard,  Lawson  Mine, 
White  Silver  Company,  Glendenning-Blair  and  Kerr,  Watts  &  Allen,  Temiskaming  A 
Hudson  Bay  Company,  Violet  Mine,  Drummond  Mines  Ltd.,  O'Brien.  One  or  two 
other  properties  had  a  small  production.  The  total  number  of  producers  was  seventeen. 
During  the  second  half  of  the  year,  owing  to  there  being  no  plants  in  America 
adapted  to  extracting  all  the  constituents  of  the  ores,  the  mine  owners  received,  in  some 
caseS;  no  pay  for  the  cobalt,  nickel  and  arsenic  contents,  the  purchasers  allowing  for 
the  silver  only.  For  this  reason  the  statistics  of  production  received  by  the  Bureau  of 
Mines  are  incomplete,  complete  analyses  not  having  been  made  of  some  shipments.  In 
compiling  the  following  table  the  average  of  the  cobalt,  nickel  and  arsenic  contents  in 
the  shipments  analyzed  has  been  taken,  and  proportionate  percentages,  based  on  tlie 
silver,  in  the  shipments  of  which  complete  analyses  were  made,  has  been  added  to  those 
which  were  incompletely  analyzed. 

Owing  to  their  receiving  nothing  for  some  of  the  metallic  contents  of  the  ores,  if 
sold  during  the  latter  half  of  the  year,  the  producers  had  stored  at  their  mines  on 
December  31st,  1905,  the  end  of  the  year  represented  by  the  statistics,  a  considerable 
quantity  of  ore.  In  two  or  three  cases  the  quantity  in  storage  represented  a  value  of 
$100,000  or  more.  The  following  table,  therefore,  does  not  represent  the  total  production 
for  1905,  but  merely  the  shipments : 

Quantity.  Value. 

Tons  of  ore  shipped  2,144 

Silver,  ounces  2,441,421  $1,355,306 

Cobalt,  tons    118  100,000 

Nickel,   tons    75  10,525 

Arsenic,  tons   549  2,693 

The  2,144  tons  of  ore  shipped  during  the  year  had  therefore  a  percentage  composi- 
tion of:  silver  3.90,  cobalt  5.50,  nickel  3.49,  arsenic  25.60.  A  percentage  of  silver  of 
3.90  represents  1,138.72  ounces  a  ton,  or  at  64  cents  an  ounce,  the  present  price  of  silver, 
a  value  of  $728.78  a  ton  of  ore  throughout  the  year.  It  is  needless  to  say  that  the 
average  value  of  the  ore  shipped  from  few  mining  camps  can  equal  this.  The  average 
value  of  the  total  metallic  contents  per  ton  of  ore  shipped  throughout  the  year,  at  the 
prices  received,  was  $684.94.  It  should  be  noted  that  most  of  the  ore  mined  during  the 
past  year  came  from  near  the  surface.  Hence  the  percentage  of  cobalt,  nickel  and 
arsenic  is  lower  than  it  will  be  where  greater  depth  is  reached,  the  metals  being  leached 
out  by  surface  agencies. 

The  ore  shipped  up  to  the  present  has  been  sorted  by  hand.  Much  ore  that  would  be 
considered  high  grade  in  most  mining  camps  is  accumulating  on  the  dumps.  This  will 
no  doubt  be  milled  in  the  not  distant  future  and  will  add  materially  to  the  output. 
Further  reference  is  made  on  page  20,  under  the  heading  of  Veins,  to  the  value  of 
shipments. 
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It  will  be  of  interest  to  add  the  following  to  the  shipments  of  1905,  158  tons  being 
shipped  in  1904. 

Cobalt  Output  in  1904 

SUver,  ounces  206,875  $111,887 

Cobalt,  tons  16  19,960 

Nickel,  tons  14  3,467 

Arsenic,  tons  72  904 

Total   $136,218 

Ore  shipped,  tons  158 

The  uses  made  of  cobalt  and  a  table  showing  the  production  of  the  metal  in  yarious 
countries  are  given  on  following  pages.     The  uses  of  arsenic  are  also  mentioned. 

Exhibit  of  Cobalt-Silver  Ores 

Through  the  Bureau  of  Mines,  arrangements  were  made  for  securing  a  collection  of 
the  cobaltHsilrer  ores  for  exhibition  at  the  Louisiana  Purchase  Exposition,  held  at  St. 
Louis  in  1904.  These  were  obtained  at  the  request  of  Mr.  William  Hutchison,  Domin- 
ion Exhibition  Commissioner,  who  has  since  purchased  the  samples  exhibited  with  the 
object  of  keeping  them  as  a  permanent  exhibit.  They  were  afterwards  sent  to  the  Liege 
Exhibition,  Belgium. 

The  following  notes  given  to  the  writer  by  Mr.  W.  E.  H.  Carter,  late  Provincial 
Inspector  of  Mines,  show  the  composition  and  character  of  the  exhibit.  While  the 
exhibit  was  at  St.  Louis  it  was  sampled  by  Mr.  Carter,  who  has  this  to  say  of  the 
various  specimens:  "The  niccolite  contains  silver  not  only  disseminated  but  in  pure 
stringers  and  nuggets  as  well.  These  nuggets  and  stringers  were  not  included  in  the 
sample  taken  for  analysis,  but  should  be  considered  as  very  considerably  adding  to  the 
value  of  the  ore  represented  by  my  sample. 

"I.    Cobalt-Silver  Ore,  Sample  from  R.  L,  404 : 

(a)  50  lb.    decomposed    material    with    silver,    containing    by 

estimate  30  p.  c.  silver,  which  amounts  to  291  02.,    and 

at  65c.  per  02 $160  05 

(b)  61  pieces  cobalt  ore  "^    75  pieces  weighing 

(a)  14  pieces,  wall  rock  with  silver /  6,510  lb. 

This  6,510  lb.  contains  by  assay — 

Silver,  2.58  ob.,   per  ton,  at  55c $  4  62 

Cobalt,  18.04  p.  c.,— 1,174.4  lb.,   at  65c 763  36 

Nickel,  5.52  p.  c.,— 559.35  lb.,  at  15c 53  90 

Arsenic,  39.56  p.  c.,— 791.2  lb.,  at  Ic 7  91 

Total   value  of  sample  $1,019  84 

(a)  From  Little  Silver  vein,  southwest  corner  of  location  B.  L.  404. 

(b)  From  Cobalt  Hill  vein,  in  northwest  comer  of  the  same  location. 

"II.  Niccolite-Silver  Ore,  from  La  Rose  mine.  Location  J.  S.  14  on  map : 
Containing  by  asssay.  Value  per  ton. 

Silver,  7.944  p.  0.-^,069  oa.,  per  ton,  at  54c $1,668  06 

Cobalt,  8.93  p.  c.,— 178.6  lb.,   at  65c 116  09 

Nickel,  15.67  p.  c.,— 313.4  lb.,  at  I60 47  01 

Arsenic,  39.56  p.  c.,— 791.2  lb.,  at  Ic 7  91 

Total   per  ton    $1,839  07 

There  are  about  three  tons  in  the  sample $5,617  21 
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"III.  Trethewey'a  Cobalt-Silver  Ore,  Location  J.  B.  7  on  map : 
146  lb.  in  all.    Of  this,  16  lb.  is  by   estimate  pure   silver— 

291  OE.— and  at   64c $167  14 

And  130  lb.  is  cobalt  ore    containing    silver,   and  valued 
at  $1.60  per  lb 196  00 


Total  Talue  $362  14 

"In  valuing  the  above  ores  I  have  taken  the  prices  paid  by  the  dealers  at  New 
York  for  the  crude  ore,  which  are  as  follows  for  the  several  metals: 

Silver    Market  value. 

Cobalt  66c.  per  lb. 

Nickel   16c.  per  lb. 

Arsenic  Ic  per  lb." 

The  value  of  these  samples  of  ore,  which  are  to  be  kept  for  exhibition  purposes,  is 
approximately  as  follows: 

(1)  Sample   of    cobalt-silver     ore    from    R.     L.     404,    weight 

6,660  lb.,   value    $1,019  84 

(2)  Niccolite-silver    ore    from   La    Rose    mine,   exact    weight 

not  given,   but,  if  it  is  three  tons,  as  stated,  the  value 

of  the  sample  is  6,617  21 

(3)  Trethewey  cobalt-silver  ore,  145  lb.  in  all,  value  362  14 


Total  value  of  collection  $6,889  19 

The  cobalt  is  contained  essentially  in  the  mineral  smaltite,  which  is  a  diarsenide 
of  this  metal.  Most  of  the  nickel  in  the  samples  occurs  as  the  arsenide,  niccolite,  but 
some  of  the  metal  is  in  the  diarsenide  form,  chloanthite.  The  greater  part  of  the  silver 
is  in  the  native  form,  although  the  sulphide,  argenti'te,  the  sulph-antimonide,  pyrar- 
gyrite,  and  other  compounds  of  the  metal  are  found  in  the  deposits. 

Sample  from  Trethewey  Mine 

Through  the  courtesy  of  Mr.  W.  G.  Trethewey  the  Bureau  of  Mines  has  obtained 
a  sample,  for  preservation  in  its  collection,  of  the  richer  ore  from  his  vein  on  location 
J  B  7.  This  sample  weighs  79  lb.  (Fig.  6).  Drillings,  obtained  by  boring  into  the 
sample,  show  it  to  have  the  following  composition.  The  calcium  and  magnesium  car- 
bonate represent  the  veinstone.  The  cobalt  and  nickel  exist  as  arsenides  and  the  silver 
is  essentially  in  the  metallic  form.  Some  of  the  iron  shown  in  the  analysis  may  have 
come  from  the  drill. 

Per  cent. 

Silver    66.67 

Cobalt  2.16 

Nickel   41 

Iron  / 1.60 

Arsenic  7.03 

Antimony   9.67 

Sulphur  22 

Calcium   carbonate    6.72 

Magnesium  carbonate    1.23 

Insoluble    3.29 

The  value  of  the  silver  in  this  79-lb  sample,  at  64c.  an  ounce  Troy,  the  present 
nnarket  price,  is  $491.66,  which  represents  an  increase  of  $40.39  in  value  since  the  sample 
was  purchased  by  the  Bureau  of  Mines. 
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White  Bloom 


Associated  with  the  cobalt  bloom  in  the  weathered  parts  of  the  La  Roae  aod  other 
veina  there  is  a  white,  clay-like  material,  which  resembles  in  form  the  moist  cobalt 
bloom.  The  writer  saspeeted  that  the  white  color  of  this  material  was  dne  to  the 
intermixture  of  the  green  nickel  arseoate,  annabergite,  sometimes  known  as  nickel 
bloom,  with  the  pink  cobalt  bloom.     Ad  analysis  made  by  Mr.  Burrows  confirmed  this 


Fig.  5.     Slabs  of  silver  from  the  Trethewey  Mine,  location  J.  B.  7.     The  slab  stand- 
ing upright  by  the  hammer  is  the  79  pound  specimen  referred  to  in  the  teit. 

opinion.  It  is  a  rather  interesting  occurrence.  In  pottery  the  blue  cobalt  compounds 
■re  Qsed  in  small  amounts  to  destroy  the  delicate  reddish  tinge  dae  to  iron  in  the 
ware.     In  this  white  bloom  we  see  one  color  destroyed  by  another  in  nature. 

Per  cent. 

Nickel   oiide    „ 29.30 

Cobalt    oxide 6.43 

Arsenic  pentoztde 38.31 

Lime  84 

Magnesia    - 1.12 

Iron .30 

Water    ■      24.04 

Total  100.34 

Mr.  Burrows  says:  "In  evaporating  the  solution  of  the  metals  I  had  a  very 
iatereating  result.  The  solution  was  quite  concentrated,  and  on  oooUng,  green  aoicular 
orystali  of  the  nickel  compound  separated  out,  while  the  solntion  above  and  around 
them  was  quite  pink.  The  original  solution  before  the  crystalliBing  out  of  the  nickel 
s  quite  blue." 
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Mixed  Dark  Mineral 

There  is  a  mineral,  or  mixture  of  minerals,  of  fairly  common  occurrence  in  some 
of  the  narrow  stringers  which  run  off  from  the  La  Rose  vein  and  elsewhere.  Some  of 
this  was  sent  to  Mr.  Burrows  for  analysis.  He  has,  however,  not  been  able  to  get  a 
sample  which  he  considers  represents  a  single  mineral.  From  one  specimen  sent  to 
him  by  the  writer  he  obtained  the  following  percentages: 

Per  cent. 

Snver 67.40 

Sulphur   16.94 

Antimony   7.92 

Iron  3.88 

Arsenic .62 

Mr.  Barrows  afterwards  analysed  other  samples  but  with  unsatisfactory  results. 
For  instance,  he  found  the  following  percentages  of  silver :  47.24,  47.38,  64.29,  62.66, 
63.  He  also  proved  the  presence  of  lead  in  samples  examined  later.  In  one  case  he 
got  9  per  cent,  of  lead,  and  in  another  only  about  1.8.  He  found  these  samples  to 
show  considerable  free  silver,  which  no  doubt  accounts  for  the  varying  percentages  of 
this  metal,  and  that  the  mineral  did  not  look  the  same  in  all  parts,  some  of  it  being 
of  a  dull  lustre  and  other  parts  bright. 

Chioanthite 

A  sample  of  chioanthite,  in  nodular  form,  from  the  La  Rose  mine,  J  S  14,  was  found 
to  have  the  following  composition : 

Per  cent. 

Nickel  23.24 

Cobalt  4.11 

Silver   2.78 

Sulphur    2.18 

Arsenic  67.17 

Antimony  none 

Total  99.48 

Niccoiite 

A  sample  from  the  La  Rose  mine,  consisting  essentially  of  niccoiite,  was  found  to 
contain  6.02  oz.  of  silver  to  the  ton,  and  nickel  26.64,  cobalt  6.16,  arsenic  46.64  per 
cent. 

CobaH  Hill  Ore 

The  deposit  known  as  the  Cobalt  Hill  Vein,  in  the  northwest  corner  of  R  L  404, 
was  described  on  page  99  of  the  Thirteenth  Report  of  the  Bureau.  For  comparative 
purposes  it  will  be  well  to  again  refer  to  that  description.  The  workings  at  this  vein 
can  be  seen  from  the  railway  track  on  the  west  side  of  Cobalt  lake.  The  vein  was  one 
of  the  four  which  had  been  discovered  at  the  time  of  my  visit  to  the  district  in  Novem- 
ber, 1903.  The  ore  is  unique  in  that  unlike  that  of  the  other  important  veins  of  the 
area  it  does  not  carry  silver  in  paying  quantities,  the  values  being  in  cobalt,  nickel 
and  arsenic.  From  a  glance  at  the  plan  it  will  be  seen  that  the  strike  of  the  vein, 
northwest  and  southeast,  is  unlike  that  of  most  of  the  other  veins.  Moreover,  this 
vein  contains  little  calcite  or  other  gangue.  It  is  believed  that  the  calcite,  which  is 
found  in.  considerable  quantity  in  the  other  veins,  is,  for  the  most  part,  later  in  age 
than  the  cobalt-nickel  minerals,  and  that  it  is  older  than  most  of  the  silver  at  least. 
The  silver  frequently  occupies  cracks  in  the  calcite. 
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Tii«  more  or  lew  well  banded  slaty  grerwaokd,  through  which  the  Cobalt  Hill  Tein 
cQtB  perpeudieul&rly,  dips  westward  towards  Cobalt  lake  at  an  angle  of  20  or  30  de- 
grees in  the  direction  in  which  the  vein  strikes.  The  rock  is  slightly  arched  over  the 
vein,  thus  producing  a  gentle  anticliDe,  which  pitches  towards  the  lake  (Fig.  6).  The 
rein  is  at  a  height  of  100  feet  above  the  lake. 

At  the  points  where  it  was  originally  exposed,  the  vein  showed  a  width  of  14  inches 
of  massive  ore,  and  vugs  two  feet  or  more  in  the  wall  rock  from  the  e<^e  of  the  vein 
contained  cobalt  bloom.  It  may  be  added  that  in  certain  of  the  other  veins  the  wall 
rock  is  impregnated  with  native  silver,  which  is  found  even  in  the  centre  of  boulders 
of  granite  in  the  conglomerate. 


Fip.  6.  Cobalt  Hill  vein,  liortlmest  ronifr  of  lotatioii  11.  L.  404.  The  photograph 
shows  the  fractured  character  of  the  rock  and  a  gentle  anticline.  The  vein  is  Been  to  be 
in  step-like  forms  as  if  it  had  been  alfected  by  horizontal  faults,  but  the  ore  is  not 
brecciated. 

The  ore  has  a  rather  dark-gray  color.  When  closely  examined  it  is  seen  to  be 
composed  of  a  grey  mineral,  which  is  chiefly  smaltite,  set  through  which  are  grains  of  a 
reddish  mineral,  niccolite.  Smaltite  and  the  corresponding  arsenide  of  nickel,  chloan- 
tbite,  are  said  by  most  aMthors  to  pass  into  one  another  by  the  substitution  of  cobalt 
for  nickel  and  iiice  veria.  Niccolite,  in  the  analj'ses  quoted  by  Dana  and  others,  carries 
only  a  small  percentage  of  cobalt  and  iron,  while  smaltite  frequently  contains  a  con- 
siderable percentage  of  nickel  and  iron.  In  the  ore  under  consideration  the  cobalt  aed 
nickel  appear  to  be,  for  the  most  part,  in  distinct  compounds.  In  the  analysis  {No. 
1)  if  we  consider  the  7  per  cent,  of  nickel  to  exist  as  niccolite,  and  the  percentages  of 
iron  and  cobalt,  6.3  ai>d  16.8  respectively,  to  represent  smaltite,  the  theoretical  per- 
centage of  arsenic  in  tbe  ore  should  be  68.47  instead  of  69,  as  found  by  analysis.  The 
percentage  of  niccolite  by  weight  would  be  16.94,  or  about  one-seventh  part  of  the 
whole  by  volume,  since  niccolite  has  a  somewhat  higher  specific  gravity  than  smaltite.! 
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Specimens  of  this  ore,  when  examined  with  the  magnifying  glass,  appear  to  agree  with 
this. 


(Constituent. 


Cobalt 
Nickel. 
Iron  ... 


Anenic 

Solphur 

Insol.  silica,  etc. 
Water 


} 


16.8 
7.0 
6.3 

69.0 

0.9 


Totals 


100.0 


16.7 
6.8 
7.5 

62.0 
7.0 


100.0 


16.76 
6.24 


66.60 
3.87 


19.80 
4.56 

} 

21.70 

6.20 

8.89 

60.30 

68.55 

4.09 

5.88 

2.40 

0.60 

2.00 

99.35 


100.12 


Of  the  above  analyses,  Nos.  1  and  2  were  made  by  Mr.  O.  S.  James.  The  former 
represents  a  hand  specimen  from  near  the  surface,  and  the  latter  a  specimen  from  a 
depth  of  about  20  feet;  3  and  4  are  of  average  samples  collected  by  the  writer,  the 
former  from  the  uppermost  opening  on  the  hill,  and  the  latter  from  the  middle  or 
main  opening,  the  analyst  being  Mr.  A.  G.  Burrows.  Sample  3  contained  considerable 
cobalt  bloom.  Analysis  5  is  by  Dr.  J.  Waddell.  It  represents  a  specimen  collected  by 
Prof.  Nicol.  This  specimen  was  not  taken,  like  3  and  4,  with  the  object  of  determin- 
ing the  average  composition  of  the  vein.  Prof.  Nicol  states  that  a  qualitative  analy- 
sis showed  the  presence  of  small  amounts  of  copper  and  lead,  and  the  absence  of  anti- 
mony, bismuth  and  zinc. 


Fig.  7.  Sinaltite  crystals  from  the  Cobalt  Hill  vein,  measured  and  drawn  by  Prof.  William 
Nicol  of  the  Kingston  School  of  Mining.     C  -cube,  P=octahedron,  d^r.  dodecahedron. 

Minute,  brilliant,  silver-white,  or  tin-white,  crystals,  occur  sparingly,  imbedded  in 
the  walf-rock  and  in  the  ore.  The  crystals  are  cubes  and  combinations  of  this  form, 
with  the  rhombic  dodacahedron,  and  octahedron.  Prof.  Nicol,  who  has  measured  some 
of  thoBe  on  the  goniometer,  has  found  them  to  be  smaltite,  (Fig.  7).  The  white  or  gray 
colored  arsenides  show  a  tendency  to  form  globular  or  spheroidal  masses,  with  a  radiated 
structure.    Some  of  these  masses  in  calcite  have  a  diameter  of  over  half  an  inch. 

The  ore  is  at  times  somewhat  porous,  spaces  being  left  between  the  globules,  which 
are  tarnished  almost  black  on  their  surfaces.  Where  the  surface  of  the  ore  has  been 
exposed  to  the  action  of  water  and  ice,  it  has  a  dark  color  not  unlike  that  of  the  wall 
rock,  bloom,  the  product  of  decomposition,  having  been  carried  away.  The  fresh  oie 
is  coated  with  a  fraction  of  an  inch  of  the  dark  decomposed  material. 

Small  grains  of  quartz  are  found  sparingly  in  the  ore. 

The  proportion  of  nickel  to  cobalt  in  this  vein  is  less  than  that  in  the  La  Rose  vein, 
particularly. 
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Copper  pyrites,  with  which  is  usually  associated  gray  copper  ore,  tetrahedrite,  is 
found  in  the  deposit.  Natiye  bismuth  is  also  of  frequent  occurrence. 

Tetrahedrlte 

Mr.  Burrows  found  a  specimen  of  the  tetrahedrite,  which  occur  massiye,  to  possess 
the  following  composition: 

Per  cent. 

Copper 36.04 

Sulphur 22.86 

Antimony  21.86 

Zinc  8.14 

Iron  9.84 

Cobalt  none 

Nickel none 

Lead   not  det. 


98.74 

Tetrahedrite  is  frequently  met  with  in  the  Trethewey  mine,  J  B  7.  Native  bismuth 
has  been  found  in  practically  all  the  yeins  which  have  been  opened  up. 

Native  Bismutli 

Bismuth   99.20 

Cobalt  distinct  trace 

Nickel  trace 

Iron   .40 

Silver  trace 

Arsenic    trace 

Antimony  none 

Total  99.60 

This  analysis  represents  a  sample  from  the  Cobalt  Hill  vein. 

Veinlets  at  Lake  Shore 

Two  veinlets  outcrop  near  the  water  level  on  the  east  side  of  Cobalt  lake,  not  far 
from  the  point  where  the  north  boundary  of  location  R  L  404  meets  the  shore.  A 
sample  was  taken  from  these  veinlets  and  was  found  to  have  the  following  composition, 
showing  that  it  is  much  like  the  massive  ore  of  the  vein  in  the  northwest  corner  of 
RL  404: 

Per  cent. 

Cobalt  17.84 

Nickel   4.16 

Arsenic  66.10 

Sulphur    6.98 

Iron  9.22 

Insoluble   4.32 

Bismuth    No  indications 

Silver    •* 

Antimony    '* 

Water   Not  determined 

Sample  shows  cobalt  bloom. 
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(2) 

(3) 

26.76 

28.83 

41.76 

40.08 

17.63 

19.26 

3.21 

4.83 

.76 

306.1 

Mispickel  and  Cobaltite 

Mispickel  is  not  8o  common  in  the  deposits  as  one  might  expect  it  to  be.  In  some 
of  the  veins  on  what  is  known  as  the  Longwell  or  Denison  claim,  in  the  town  plot  of 
Cobalt,  mispickel  seems  to  be  a  characteristic  mineral. 

(1) 

Iron    34.4 

Arsenic    46. 

Sulphur    19.6 

Cobalt 

Nickel 

Silver    306.1  oz.  per  ton. 

No.  1  analysis  shows  the  theoretical  composition  of  mispickel;  Nos.  2  and  3  are 
analyses  of  mispickel  from  the  south  vein  (of  the  two  discovered  in  1904)  on  the  Long- 
well  location.  This  ore  occurs  in  the  Lower  Huronian  not  far  from  the  contact  with 
the  Keewatin. 

In  connection  with  these  the  following  analyses,  Nos.  1  and  2,  of  samples  of  mis- 
pickel from  the  Big  Dan  and  Little  Dan  claims  near  Temagami  will  be  of  interest. 

(1) 

Iron   29.68 

Arsenic  36.24 

Sulphur   18.99 

Insoluble   13.62 

Water 72 

Cobalt  

Nickel    

Total  99.90 

No.  1  represents  selected  particles  from  a  sample  taken  at  the  Little  Dan  claim. 
In  addition  to  the  components  shown,  the  sample  carried  $4.00  worth  of  gold  and  69 
cents  worth  of  silver  per  ton.  No  2  represents  selected  particles  from  the  Big  Dan 
claim.  This  ore  showed  values  per  ton  of  $3.20  in  gold  and  64  cents  in  silver.  The 
deposits  are  in  the  Keewatin.  No.  3,  cobaltite  ore  from  the  Benn  mine,  carries  $6.20 
a  ton  in  gold,  page  26.  No.  4,  crystals  of  cobaltite  from  the  Columbus  claim,  analysed 
by  Mr.  J.  S.  De  Lury. 

Dyscrasite 

A^sample  of  the  dyscrasite  from  the  La  Rose  mine  was  found  by  Mr.  Burrows  to  have  on 
analysis  the  formula  Ag,  Sb.  The  more  common  variety  of  this  material  in  other  districts  has 
the  formula  Ags  Sb. 

Caldte 

A  sample  of  the  calcite  veinstone  from  the  Handy  mine,  which  lies  to  the  southwest 
of  the  foot  of  Cross  lake,  was  taken  by  the  writer  and  analysed  by  Mr.  Burrows.  The 
vein  here  in  in  diabase.  The  calcite  as  shown  by  the  following  is  remarkably  pure.  The 
absence  of  magnesia  in  calcite  is  rare. 

Per  cent. 

Lime   * 66.72 

Magnesia    none 

Iron    and    alumina   .12 

Carbon  dioxide    43.74 

Insoluble  residue    none 

ToUl  99.68 


(2) 

(3) 

(4) 

29.84 

not  det. 

4.66 

36.81 

41.66 

44.66 

18.77 

17.8 

20.73 

13.02 

not  det. 

.79 

not  det. 

32.42 

29.10 
.97 
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Otker  silver  Ores  of  the  Refhui 

What  haa  been  known  for  yean  %a  the  Wright  silver  mine  ia  gn  the  Qaebec  ahore 
of  Lake  TemUkaming.  It  ie  distant  aboat  nine  miles  northeaatward  of  Cobalt  station 
and  lies  about  seven  miles  northward  of  the  village  of  Ville  Marie.  Some  of  the  rock 
here  is  conglomerate,  associated  with  which  ia  porphyry.  The  latter  is  similar  to  rock 
in  Minnesota  which  has  been  considered  to  be  of  doubtful  origin.  Tbe  ore  body  lies 
in  a  EOne  of  fracture  which  penetratea  both  of  the  rocks  mentioned.  Angular  frag- 
ments of  these  rocks,  tometimes  a  foot  or  more  in  diameter,  are  cemented  together  by 
calcite  and  galena.  The  pure  galena  has  been  found  to  contain  from  18  to  24  os.  of 
silver  U>  the  ton  of  2,000  lbs.  Iron  pyrites  is  found  in  small  quantities  associated  with 
the  galena,  and  is  thought  to  be  the  source  of  the  trace  of  gold  usually  present  in  the 


Fir.  S.     Tlis'  Wharf  at  Haileyliury. 

Four  years  ago  the  writer  visited  this  mine  wheu  it  was  in  operation.  The  depth 
of  the  workings,  which  in  the  lower  levels  had  tbe  form  of  a  circular  chamber,  wu 
said  to  be  about  200  feet.  Work  ceased  shortly  after  this  and  has  not  been  reaumed. 
The  equipment  consists  of  a  concentrating  plant,  including  jigs,  tables  and  other 
machinery.  There  is  also  a  small  smelter  on  the  grounds.  Considerable  capital 
appears  to  have  been  expended  in  experimenting.  Whether  the  deposit  could  be  work«d 
at  a  profit  under  proper  management  does  not  aeem  to  have  been  proved.  The  coneea- 
trates  were  shipped  to  Europe. 

The  ore  body  is  unique.  An  outcrop  near  the  water's  level  together  with  tbe 
material  on  the  dump  afiord  an  opportunity  of  learning  its  character.  Two  or  three 
rather  basic  dikes  are  seen  near  the  workings.  These  are  probably  of  the  same  age 
as  the  fracture  zone  now  occupied  by  the  ore  body.  The  location  of  this  mineral  deposit, 
on»  of  the  oldest  known  in  North  America,  is  shown  in   Fig.  2,  Ance  4  la  Mine. 

On  Lady  Evelyn  and  Cross  Lakes 
Silver-bearing  galena  is  found   at  Cross   lake,  which  lies  southeast  of   Lake  Tcma- 
gami,  and  at  Lady  Evelyn  Lake.    According  to  Dr.  Barlow  there  are  quarts  veins  on  tbe 
Matawapiki,  as  the  last  stretch  of  Lady  Evelyn  Lake,  before  reaching  tbe  Hontreal 
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riTer,  is  called.  These  quarts  yeins  are  found  here  on  both  sides  of  the  lake,  and  occur 
at  the  contact  of  the  intrusiye  diabase  and  the  banded  slate,  and  in  the  latter.  The 
minerals  are  galena,  copper  pyrites,  iron  pyrites,  and  zinc  blende. 

There  is  a  deposit  on  an  island  in  Gross  lake,  which  lies  immediately  east  of  the 
south  arm  of  Temagami.  The  minerals  are  galena  and  copper  pyrites  in  calcite.  A 
sample  showed  the  following  values  per  ton;  gold  $2.00,  silver  $9.20,  copper  $4.20, 
lead  $4.00,  or  a  total  of  $19.40. 

Galena  and  copper  pyrites  have  also  attracted  attention  in  the  vicinity  of  the 
Blanche  river,  especially  along  the  upper  part  of  the  north  branch. 

THE  COBALT-SILVER   VEINS 

It  is  not  considered  necessary  to  give  a  detailed  description  of  each  vein  in  the 
district,  the  character  of  one  being  usually  so  much  like  that  of  another.  The  distri- 
bution and  strike  of  those  found  up  to  June,  1905,  are  shown  on  the  plan  which  accom- 
panies this  report.  Many  veins  have  since  been  discovered,  especially  on  the  older 
properties.  Scarcely  any  of  the  veins  have  been  stripped  for  their  full  length.  Most 
of  those  worked  have  been  developed  in  the  form  of  open  cuts.  The  vein  first 
discovered  on  the  La  Rose  claim,  J  S  14,  on  which  several  others  have  since  been  found, 
has  been  developed  more  systematically  than  any  other  in  the  district.  A  shaft  has 
been  sunk  and  about  260  feet  of  drifting  has  been  done  at  the  90  foot  level,  following 
the  vein  in  both  directions  from  the  shaft.  The  drifts  prove  that  the  vein  is  at  least 
as  large  and  rich  at  this  depth  as  it  has  ever  been.  In  the  250  feet  the  drifts  have 
passed  through  comparatively  little  barren  ground.  Approximately  $1,000,000  worth 
of  ore  has  been  blocked  out  of  this  vein.s  As  the  ore  body  here  is  probably  the  largest 
yet  found  in  the  area  it  would  not  be  correct  to  infer  that  smaller  veins  can  be  followed 
as  persistently.  The  La  Rose  ore  differs  somewhat  from  that  of  the  other  veins  in  that 
it  contains  a  higher  percentage  of  niccolite,  the  nickel  averaging  about  10  per  cent. 

To  give  an  idea  of  the  character  of  the  ore  of  one  of  the  other  veins  it  may  be  said 
that  an  open  cut,  about  50  feet  long  and  25  feet  deep,  on  the  Trethewey  vein,  location 
J  B  7,  has  produced  approximately  $200,000  worth  of  ore,  the  maximum  width  of  the 
vein  being  not  more  than  8  inches.  The  amount  received  for  one  car  load  of  30  tons 
of  ore  from  this  mine,  at  the  prices  for  the  contained  metals  mentioned  elsewhere  in 
this  report,  was  between  $75,000  and  $80,000.  A  shipment  of  50  tons  of  the  ore  gave  on 
analysis  approximately  the  following  percentages  of  metals: — arsenic,  38;  cobalt,  12; 
nickel,  3.5;  and  190,000  ounces  of  silver.     Pay  was  received  for  cobalt  and  silver  only. 

Most  of  the  cobalt^silver  veins  occur  in  what  is  called  on  the  map  which  accom- 
panies this  Report  the  Lower  Huronian.  A  few  have  been  found  in  the  diabase.  There 
is  no  reason,  so  far  as  the  writer  can  see,  why  the  veins  should  not  also  occur  in  the 
underlying  Keewatin  and  some  of  the  more  recently  discovered  ones,  near  the  centre 
of  location  R  L  404  appear  to  be  in  this  group.  The  Keewatin  greenstones  and  other 
rocks  are  tougher  and  do  not  fracture  with  the  same  ease  as  the  overlying  series  of 
the  Lower  Huronian.  Hence  the  solutions  have  not  had  the  same  freedom  of  move- 
ment in  the  former  as  in  the  latter.  In  so  far  as  the  precipitation  effects  which  the 
rocks  of  either  series  may  have  on  solutions  working  through  fissures  in  them  there 
seems  to  be  little  difference  between  the  two.  Many  of  the  pebbles  and  boulders,  and 
much  of  the  cement  material  in  the  Lower  Huronian  have  been  derived  from  the  under- 
lying Keewatin.  Hence  one  would  think  they  would  have  about  the  same  influence  in 
precipitating  substances  from  solution  as  the  rocks  of  the  latter  formation.  The 
distribution  of  the  Lower  Huronian,  as  will  be  seen  from  the  map,  is  irregular.  At 
one  time,  in  all  likelihood,  it  formed  a  complete  layer  or  mantle  over  the  uneven  surface 
of  the  older  rocks.  This  has  been  removed  to  a  considerable  extent  by  erosion,  leaving 
the  rocks  now  in  more  or  less  isolated  belts  and  patches. 

*  Over  400  feet  of  driftinur  has  now  been  done  on  this  level,  and  the  shaft  has  been  sunk  to  a  greater  depth. 
A  wiDxe  is  snnk,  from  the  level,  100  feet  north  of  the  shaft. 
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Tbe  more  important  veins  bo  far  found  in  the  Lower  Horoniaa  U«  in  what  ma^  be 
called  three  parallel  belts.  Thoae  first  discorered  bt«  in  a  belt  which  runs  abont  par- 
allel with  the  railway  in  the  vioinity  of  Cobalt  lake.  A  small  belt  connects  the  north- 
eastern corner  of  Peterson  lake  witb  the  northwest  corner  of  Groaa  lake.  A  third  belt 
stretches  from  Giroux  lake  to  the  southeast  end  of  Cross  lake,  in  which  important 
d^osita  occur.  Although  these  three  belts  have  a  strike  approximately  in  a  nartheoit 
•nd  southwest  direction,  the  strike  of  the  reins  ia  not  uniform,  as  will  be  seen  frmn 
tbe  plan.  Those  on  J  B  7,  J  B  6,  and  on  the  location  immediately  southwest  of  the 
Utter  claim  strike  east  and  west.  The  reins  on  J  S  14  and  J  B  1  strike  approximately 
northeast  and  southwest,  wbile  that  in  tbe  northwest  comer  of  R  L  404  strikee  north- 
west and  southeast.  The  rein  in  the  southwest  corner  of  this  location  strikes  east  and 
west,  which  is  the  direction  of  strike  of  the  majority  of  the  reins. 


None  of  the  reins  are  wide.  The  ore  in  the  Trethewey  rein  on  J  B  7,  for  instance, 
had  a  maximum  width  of  about  8  inches,  while  the  rein  in  the  northwest  comer  of 
R  L  404  has  14  inches  of  ore,  and  that  on  J  S  14  showed  about  18  inches.  Some  veini 
which  hare  been  traced  100  feet,  or  orer,  average  not  more  than  one  inch  in  width 
(Figs.  1,  8,  9,  10). 

The  surface,  being  uneven  and  more  or  less  corered  with  loose  deposits  and  with 
green  timber,  does  not  afford  an  opportunity  of  tracing  the  outcrops  of  the  reins  sd; 


«howa  the  widlh. 


great   distance,   and  it   is  not  known  definitely   bow  long  most   of  the   outcrops  would 
prove  to  be   if   the  material  referred   to  were   removed  from   tiie   surface   of   tbe  solid 

It  is  also  impossible  to  give  much  definite  information  conoerning  the  depths  t 
which  these  reins  will  reach.  As  already  said,  moat  of  them  do  not  appear  to  cnt 
through  the  older  Keewatin  series  which  forms  an  uneven  snrfaoe  below  the  Iio»w 
Hnronian.  In  the  vicinity  of  Cobalt  station  the  latter  rocks  are  found  on  hill-topt 
which  stand  about  500  feet  above  tbe  low  water  level  of  Temiskaming,  where  simihr 
outaropa  are  found.  We  have  reason  for  saying,  therefore,  that  the  Lower  Hnronioii 
ooag'/omerates  and  other  rocks  associated  wit\i  \,\i«m  thkj  m  some  places  hare  a  thick- 
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neu  of  at  leut  600  feet.     In  other  places  this  aeriei  is  entirelr  wanting,  outorops  of 
the  older  Keewatin  and  later  diabase  forming  the  surface. 

The  depth  to  which  a  rein  may  reach  depends,  therefore,  on  whether  it  desoends 
into  an  old  Talley  of  the  older  rocka  or  whether  it  lie*  above  a  former  hilltop.  No  one 
can  tell  tbia,  of  course,  without  diamond  drilling  or  sinking  a  shaft.  Evidence  of  the 
probable  thiokneas  of  the  Hnronian  or  rein-bearing  fomiatton  can,  however,  be  deter- 
mined by  noting  the  outcrops  of  the  Keewatin  or  the  intrusive  diabases.  An  exposure 
of  Keewatin  surrounded  by  the  Lower  Huronian  represents  an  old  hilltop.  It  is  there- 
fore evident  that  a  vein  which  strikes  toward  this  outcrop  is  likely  to  have  a  lees 
depth  near  the  ontcrop  than  some  distance  away  from  it.  Similarly,  if  a  diabase  dike 
or  mass  cuts  through  the  Lower  Huronian  in  a  vertical  direction  we  have  evidence  of  a 
greater  depth  in  an  adjacent  vein  than  if  the  diabase  cut  through  the  Huronian  at  a 
lower  angle.  In  the  latter  case  the  vein  may  be  disconnected  or  cut  through  by  the 
diabase  at  no  great  depth  from  the  surface.  Examples  of  both  of  these  occurrences  can 
be  cited  in  the  field.  It  is  likely,  however,  that  in  some  cases,  at  least,  a  vein  passing 
downward  through  Lower  Huronian  conglomerate  or  slate  will  penetrate  sheets  or  sills 
of  diabase  which  it  may  encounter.  Similarly  veins  starting  at  the  surface  in  a  dia- 
base sheet  or  sill  will  likely  penetrate  underlying  conglomerate  or  slate,  judging  from 
what  we  know  of  the  veins  of  the  Port  Arthur  district,  where  the  diabase  bears  a  similar 
relation  to  the  fragmenta]  series. 


Fia.  10.  Vein  .shnivii,.;  on  Ihe  wall  of  a  pit  at  tlw  La  Rose  mine  Xnvcinber,  mu. 
The  width  of  the  vein  is  equal  to  the  space  between  the  head  of  the  hammer  and  the 
man's  hand  on  the  handle. 

Across  the  railway  track  from  the  La  Rose  vein,  and  only  a  short  distance  from 
it,  there  is  an  exposure  of  diabase.  This  diabase  dike,  however,  shows  a  vertical  face 
and  thMvfore  is  seen  not  to  affect  the  vein.  The  diabase  in  some  parts  of  the  field  has 
a  laooolithic  or  aill-Iike  structure,  overlying  the  conglomerate  and  aU.be,  bA  l<n  «i«.m'^« 
on  the  western  edge  of  Diabase  Mount  east  of  Peterson  lake,  and  on  ^\i«  ^(it««  <A  'Oi\\«- 
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and  Gross  lake.  The  relationship  ia  seen  to  better  odvaittage  in  the  Tioinit;  of  Wendigo 
lake  to  the  northward.  The  sheet  or  sill  of  diabase  overlying  the  conglomerate  and  slate 
is  of  varying  thickness. 


□  the  plai 


Distribution  of  Veins 

The  veins  in  the  vicinity  of  Cobalt  lake  are  indicated 
the  direction  of  the  line  indicating  their  strike.  Somt 
small  belts  which  were  mentioned  above  are  not  thas  in( 
on  them  at  the  time  of  the  writer's  visit.  They  are  showi] 
this  paper.  Smaltite,  associated  with  native  bismuth  and  other 
found  on  the  north  end  of  lot  15,  concession  1,  of  Bucke,  and  also 
the  shore  of  lake  Temiskaming  in  the  second  concession  of  this  t 
not  shown  on  the  plan.  Other  pronii-ing  reins  have  b< 
not  been  examined  by  the  writer. 

Ores  In  Diabase 


the  map  by  the  sign — <L. — 
■  the  veins  in  the  other  two 
kted,  as  little  work  was  done 


which  accompanies 
ninerals,  has  been 
1  lots  not  far  from 
FQship.     These  are 

•A,   but   they  have 


r  four  exceptions  to  the  statement  that  the  ^ 
ir  the   northeast  corner   of   Cross  lake,    for   in 


Fig.  11.    The  hammer  ie 
Rooe  mine,  November,  19C4. 


a  the  face  of  a  pit  at  the  L* 


associated  metals  are  fonnd  in  diabase  along  the  face  of  a  steep  cliff.  This  diabaw 
masa  ia,  however,  overlain  in  the  vicinity  by  fragmeDtsl  rocka,  Lower  Hnronimi,  and  it 
is  probable  that  these  originally  contained  veins  which  have  been  worn  away,  the  mate- 
rial I"  the  diabniv  rppresenting  the  downward  continuation  of  the  Teina.  On  the  north 
end  of  lot  2  in  the  third  concession  of  the  township  of  Dymond  and  on  the  south  end  of 
the  lot  across  the  road  to  the  north,  cobalt  bloom  has  been  fonnd  in  the  diabaaa.  Thii 
knoll  of  diabase  is,  howeser,  overlain  around  its  base  by  Lower  Hnronian  rocka,  whii* 
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lave  at  one  time  undoubtedly  coyered  the  whole  of  the  diabase  mafis.  Here  too  it  is 
ikely  that  veins  at  one  time  occurred  in  the  overlying  series  which  has  been  removed. 
leins  were  afterwards  found  in  the  diabase  on  the  Handy  and  Jacobs  locations  in  the 
ownship  of  Coleman. 

On  lots  9  and  10  in  the  sixth  concession  of  the  township  of  Ingram,  30  miles  north 
if  Cobalt  station,  quarts  veinlets  in  diabase  contain  bloom  and  smaltite.  Considerable 
iloom  and  smaltite  have  also  been  found  in  Keewatin  greenstone  on  the  east  side  of 
Drout  lake  and  for  a  mile  eastward.  This  lake  lies  south  of  the  head  of  Bay  lake  on 
he  Montreal  river. 

Distribution  of  Ores 

A  peculiar  occurrence  of  cobalt  and  nickel  with  gold  was  discovered  in  1905  on 
iabbit  lake,  east  of  Temagami  and  about  30  miles  south  of  Cobalt  station.  The 
lutcrop  is  at  the  water's  edge  and  the  deposit  has  not  been  uncovered  back  from  the 
ihore.  The  rocks  here  have  been  more  disturbed  and  are  much  more  highly  metamor- 
>hosed  than  are  those  in  the  vicinity  of  Cobalt  station.  They  appear,  however,  to 
>elong  to  the  Lower  Huronian  conglomerate — greywack^  series.  The  ore  body,  about 
.8  inches  wide,  is  in  a  sono  of  fracture.  Through  the  chlorite  schist  which  occupies 
liis  disturbed  zone  is  a  reddish  felsitic  material,  which,  under  the  microscope,  is  seen 
o  belong  to  the  fragmental  series.  Veinlets  and  impregnations  of  a  gray  cobalt-nickel 
>re  occur  sparingly  in  both  the  chloritic  and  felsitic  material.  An  analysis  of  some 
^f  the  more  highly  mineralized  material  gave  the  following  results : 

Per  cent. 

Arsenic    22.53 

Cobalt   8.76 

Nickel  6.56 

Gold $8.80  a  ton. 

SUver  1.10    '* 

This  unique  deposit  is  of  interest  since  it  shows  that  cobalt-nickel  ores  are  to  be 
ooked  for  so  far  south  of  Cobalt  station.  The  Rabbit  lake  occurrence  is  about  the 
ame  distance  south  of  Cobalt  station  as  those  of  the  township  of  Ingram  are  north  of 
t,  thus  showing  that  the  cobalt-nickel  ores  are  distributed  over  a  distance  of  at  least  60 
niles  in  a  north  and  south  direction. 

A  tract  of  country  75  miles  or  more  in  length,  stretching  from  the  vicinity  of  lake 
Temagami  northward  to  the  height  of  land  and  beyond,  contains  outcrops  similar  to 
;ho8e  which  are  shown  on  the  map  of  the  area  under  consideration.  As  our  map 
ihows,  the  outcrops  form  a  patchwork-like  structure.  In  some  part  of  the  area  the 
^nglomerate  outcrops  are  much  larger  than  they  are  in  others.  In  a  few  of  the  areas 
he  conglomerate  and  other  members  of  the  Lower  Huronian  have  been  practically  all 
'emoved  by  erosion,  leaving  the  surface  composed  of  the  Keewatin,  Laurentian  or 
ater  diabase.  Areas  of  considerable  size  aie  ocupied  by  the  arkose  and  quartzite  of 
xrhat  we  have  called  the  Middle  Huronian.  in  which  no  veins  have  been  found.  In 
iny  area  containing  conglomerate  and  graywack^-slato  of  the  Lower  Huronian,  it 
s  possible  that  cobalt-silver  veins,  similar  to  those  in  the  vicinity  of  Cobalt  station, 
nay  be  discovered. 

ORES  OF  THE    KEEWATIN 

Associated  with  the  greenstones  or  schists  of  the  much  disturbed  Keewatin  are 
characteristic  ores. 

These  rocks  are  found  in  numerous  localities  in  northern  Ontario  between  the  west- 
trn  boundary  of  Quebec  and  the  eastern  boundary  of  Manitoba.  In  many  places  they 
ire  iron-bearing,  the  typical  iron  formation  being  composed  of  interbanded  magnetite 
ir  hematite  with  jasper  or  some  other  closely  related  silicious  material. 

:i  M.  (iL) 
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These  outcrops  of  the  iron  formation,  or  iron  ranges  as  they  are  called,  haye 
attracted  the  attention  of  many  writers.  Some  of  the  most  important  of  them  are  the 
following :  those  of  lake  Temagami ;  that  in  the  township  of  Hutton ;  the  Michipicoten 
iron  range;  and  farther  west  the  Mattawin  and  the  Atikokan.  In  fact,  all  of  the  iron 
ranges  of  the  northern  part  of  the  Province,  with  the  exception  of  those  in  the  Animikie 
or  Upper  Huronian  series  in  the  vicinity  of  Port  Arthur,  and  the  titaniferous  iron  ores 
which  are  found  in  a  numher  of  places,  belong  to  the  Keewatin.  There  are  two  or 
three  interesting  occurrences  in  the  area  under  review  which  show  that  this  Keewatin 
iron  formation  has  at  one  time  been  well  developed  here.  Immediately  south  of  Sharp's 
Landing,  near  the  shore  of  Temiskaming,  there  is  an  outcrop  of  the  interbanded  material 
which  is  only  about  25  feet  in  length.  No  other  rocks  of  the  Keewatin  are  here  exposed, 
the  Lower  Huronian  being  distributed  over  the  rest  of  the  surface  in  the  locality.  The 
rocks  consist  of  conglomerate  and  greywack^  slate.  The  pebbles  in  these  show  numeroas 
representatives  of  the  iron  formation. 

A  Buried  iron  Range 

It  is  thus  seen  that  we  have  here  a  portion  of  a  buried  iron  range.  The  strike  of 
the  interbanded  material  in  the  exposure  is  somewhat  north  of  west.  In  the  outcrops 
of  conglomerate  which  are  shown  on  the  map  in  the  township  of  Hndson  are  found 
large  blocks  of  this  iron  formation  in  the  direction  from  the  outcrop  at  Sharp's  Land- 
ing  represented  by  the  strike  of  the  interbanded  material  at  the  Landing.  We  have 
thus  good  evidence  that  the  iron  range  or  formation  lies  at  no  great  distance  from  the 
surface  in  this  part  of  Hudson.  Between  these  outcrops  of  conglomerate  and  EHiarp'i 
Landing  the  range  is  cut  through  by  diabase  and  it  is  overlain  by  Niagara  limestone  and 
recent  clay  deposits  in  addition  to  the  Lower  Huronian.  This  iron  range  no  doubt 
extends  farther  west  than  Hudson.  It  has  been  covered  up  since  Lower  Hnnmian 
times,  as  shown  by  the  fact  that  it  is  overlain  by  rocks  of  this  series,  and  haa  tlierefore 
not  been  subjected  to  glaciation,  which  is  supposed  to  have  produoed  injariooa  effects 
on  the  iron  deposits  of  Ontario,  it  having  been  held  by  some  writers,  for  instanoe,  that 
the  soft  ores  in  these  deposits  have  been  gouged  out  and  carried  to  the  soatliward. 
Near  the  southwest  corner  of  Cross  lake  in  the  township  of  Coleman  there  is  a  small 
exposure  on  the  shore  which  also  carries  large  angular  blocks  of  the  iron  formation. 
There  is,  in  all  probability,  a  portion  of  a  buried  iron  range  in  this  vicinity.  Mneh  of  the 
conglomerate  in  various  parts  of  the  area  contains  jasper  pebbles  and  other  material 
derived  from  the  iron  formation. 

In  addition  to  the  iron  ranges  which  are  found  in  the  vicinity  of  lake  Temagami, 
25  miles  to  the  south  of  Cobalt,  there  are  outcrops  of  similar  material  in  the  township 
of  Boston  to  the  northward.  The  outcrops  in  this  township  are  described  in  a  paper 
in  part  I  of  this  report. 

iron  Pyrites 

The  iron  pyrites  deposits  of  this  part  of  Ontario  also  belong  to  the  Keewatin.  One 
of  these  is  shown  on  the  map  near  the  Montreal  river,  south  of  the  township  of  Coleman. 
Others  have  been  worked  still  farther  to  the  southward  between  this  point  and  lake 
Temagami.  Copper  pyrites  has  attracted  attention  at  numerous  places  in  this  series, 
but,  so  far  as  the  writer  knows,  no  large  deposits  of  this  mineral  have  as  yet  been  found. 

Arsenic 

Near  the  railway  track,  a  short  distance  north  of  lake  Temagami,  two  deposits  of 
auriferous  mispickel  are  being  worked  in  the  Keewatin.  These  are  known  as  the  "Big 
Dan**  and  "Little  Dan"  prospects,  respectively.  Mispickel  is  the  sulph-arsenide  of 
iron.  It  seems  strange  that  it  should  be  gold-bearing  while  25  miles  to  the  north  the 
arsenides  of  the  metals  cobalt  and  nickel,  which  are  closely  related  to  iron,  are  silver 
bearing.     Araenio  occurs,  therefore,  in  this  district  in  considerable  abundance.     The 
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Ores  of  the  KeewatJn 


role  derived  from  the  deposits  already  worked  ia  that  the  ores  of  this  metal  in  the 
Keewatin  are  gold-bearing,  while  those  in  the  overlying  Lower  Huronian  are  silver- 
bearing.  Why  this  should  he  the  case  is  difficult  to  explain.  It  may  also  be  added  that 
the  pyrite,  especially  in  the  vicinity  of  lake  Temagami,  practically  always  carries  some 
gold,  frequently  from  one  to  two  dollars  per  ton.  Gold  has,  however,  been  found  in 
Lower  Huronian  ore.  That  of  the  Benn  mine,  lot  15  in  the  first  concession  of  Bucke, 
showed  $5.20  to  the  ton  in  one  sample,  the  ore  being  cobaltite,  a  compound  related  to 
mispickel,  and  that  from  Rabbit  lake  ia  also  gold-bearing.  The  presence  of  a  sulph- 
arsenide.  either  mispickel  or  cobaltite.  in  an  ore  from  this  district  is  an  indication  that 
the  oie  carries  more  or  less  gold. 


Fig.  12.     Trethewey  vein  and  discovery  post,  J  B  7,  May,  1904. 


The  ores  of  Temagami  and  Cobalt  station,  both  being  rich  in  arsenic,  would  seem 
to  warrant  the  eretcion  of  an  arsenic  refining  plant  somewhere  along  the  railroad 
between  these  two  points.  In  so  far  as  the  writer  knows,  there  is  not  another  site  as 
promising   for  a  plant  of  this  character  in  North  America.     Water  power  is  available. 

Arsenic  is  marketed  in  the  form  known  as  'White  arsenic,"  As  O,.  This  Qiid« 
19  produced  by  roasting  various  minerals  containing  the  metal.  These  minerals  contain 
a  mnoh  lower  percentage  of  arsenic  than  do  ores  from  most  of  the  Temiskaming  cobalb- 
aitver  deposits. 

Up  to  a  few  years  ago  the  only  arsenic  plant  in  North  America  was  that  at  Deloro, 
Hastings  ooonty,  Ontario.  Here  the  ore  is  a  gold-bearing  mispickel,  similar  to  that 
of  Temagami.  More  recently  an  arsenic  plant  has  been  erected  in  the  state  of  Wash- 
ington and  another  in  Virginia.    The  production  of  these  plants  is  not  large. 
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White  arsenic  contains  theoretically  75.8  per  cent,  of  arsenic  and  24.2  of  oxygen. 
One  pound  of  arsenic  in  an  ore,  if  roasted,  will  therefore  produce,  theoretically,  about 
one  and  one-quarter  pounds  of  white  arsenic. 

During  recent  years  white  arsenic  has  been  worth  about  $60.00  a  ton  or  three 
cents  a  pound.  In  the  year  1903  the  United  States  imported  $256,097  worth  of  white 
arsenic,  metallic  arsenic  and  arsenic  sulphide.  White  aresnic  was  quoted  at  oyer  $100 
a  ton  in  the  beginning  of  1906. 

The  greater  part  of  the  white  arsenic  produced  at  the  Deloro  works  was  consumed 
in  the  plate  glass  industry  of  the  United  States.  It  is  said  that  if  the  glass  manufac- 
turers were  assured  of  a  constant  supply  at  satisfactory  prices  they  would  use  white 
arsenic  in  place  of  the  oxide  of  antimony,  which  they  commonly  employ  as  an  OTidimr. 

Other  uses  of  white  arsenic  are  in  Paris  green  and  yarious  paints,  in  sheep  dips, 
insecticides,  aniline  dye  works,  etc. 

An  instructive  paper,  by  Mr.  J.  Walter  Wells,  on  the  manufacture  and  uses  of 
arsenical  compounds  is  published  in  the  Eleventh  Report  of  this  Bureau,  pages  101  to 
122.  Papers  by  Messrs.  Kirkegaard  and  Wright  are  to  be  found  in  the  transactions  of 
the  Canadian  Mining  Institute,  vol.  2,  1897,  and  vol.  4,  1901-2. 

An  arsenic  plant  for  treating  the  ores  from  Cobalt  is  now  in  operation  at  Copper 
Cliff,  Ont. 

LIMESTONE 

It  will  be  seen  from  the  map  that  the  Niagara  limestone  froms  some  large  outcrops 
on  the  islands  and  in  the  vicinity  of  the  shore  near  the  northwest  corner  of  lake  Temis^ 
kaming.  This  limestone  affords  stone  suitable  for  building  and  for  the  production  of 
lime,  and  on  this  account  should  be  of  considerable  value  in  the  years  to  come,  since 
limestone  is  a  somewhat  rare  material  in  most  of  this  northern  part  of  Ontario.  The 
district  to  the  west  and  north  is  being  rapidly  settled  and  will  soon  contain  a  large 
population  which  will  need  much  material  for  building  purposes.  The  following  is  an 
analysis  of  a  sample  of  limestone  taken  from  Farr's  quarry,  Haileybury:: — 

Per  cent. 

Insoluble    residue    1.60 

Ferric  oxide  and  alumina  .66 

Lime    29.50 

Magnesia    21.59 

Carbon  dioxide  46.84 

Sulphur  trioxide    .70 


100.89 
This  limestone  formation  extends  northward,  although  overlain  by  clay  and  similar 
deposits  in  many  places,  and  has  been  observed  by  the  writer  along  the  south  branch 
of  the  Blanche  river  below  what  is  known  as  the  Mountain  portage. 

Considerable  attention  has  been  paid  to  the  limestone  area,  Sir  William  Logan 
having  first  described  it  years  ago.  It  has  been  shown  that  the  series  here  is  more 
closely  related  to  the  Niagara  of  Southern  Ontario  than  it  is  to  the  Niagara  areas  to 
the  north  and  west. 

CLAY 

A  couple  of  miles  northward  of  Cobalt  station  the  agricultural  region  of  this  part 
of  northern  Ontario  is  met  with.  The  soil  is  essentially  a  well  banded  clay  (Figs.  13,  14). 
Between  this  point  and  the  height  of  land,  or  watershed,  between  the  Hudson  Bay  and 
Ottawa  river  waters,  the  clay  does  not  form  a  continuous  mantle,  but  there  are  large 
areas  of  tillable  land  which  is  being  rapidly  settled.  Outcrops  of  solid  rock,  in  many 
cases  representing  hill  tops  which  project  through  the  clays,  are  seen.  North  of  the 
height  of  land,  however,  is  a  large  agricultural  area,  estimated  at  16,000,000  acres,  and 


known  as  the  "great,  cl^y  belt,"  in  which  ezpoanres  of  solid  rock  are  few  in  number. 
The  clay  on  both  sides  of  the  height  of  land  is  pretty  uniform  in  character.  Following 
is  an  analysis  of  the  clay  in  a  cut  on  the  railway  between  Haileybury  and  New  Lia- 
keard.  It  will  be  seen  that  the  lime  and  magnesia  are  ratlier  high.  This  is  owing  to 
alternate  bands  containing  considerable  marl.     The  clay  effervesces  strongly  in  acid. 
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Fig.  13.    fiedded  clay  in  railway  cut  between  Haileybury  and  New  Liakeard. 

Per   cent. 

Silica    52.00 

Alumina    16.11 

Ferric  oxide  4.69 

Lime  8.26 

Magnesia    - 4.10 

Potash   1.74 

Soda  2.76 

Sulphur  trioiide    .09 

Loss    on    ignition    9.64 

Total  99.39 


REGIONAL  DISTURBANCES 

From  the  geolt^ical  map  and  the  plan,  showing  the  distribution  of  the  veins,  whicli 
accompany  this  report,  it  will  be  seen  that  the  area  so  far  productire  can  be  covered  by 
a  rectangle  with  a  length  of  two  miles  and  a  half  in  a  north  and  south  direction  and  a 
width,  east  and  weat,  smnewhat  less. 5  The  chief  producing  properties  in  the  north- 
western part  of  this  rectangle  surround  cobalt  lake  and  the  railway.  The  other  important 
group  lies  immediately  south  of  Glen  and  Kerr  lakes  in  the  southeast  of  the  rectangle. 
It  will  be  seen  that  while  the  belts  of  the  fragmentary  rocks,  of  what  we  have  called 


Bureau  of  Mines 


the  Lower  Hnroaian,  strike  spproximfttely  northeast  and  southwest,  as  for  example 
the  Glen  and  Kerr  lake  belt,  the  majority  of  the  veins  have  a  etrike  different  from 
this.  It  would  also  appear  that  the  strike  of  the  reins  in  this  area  has  little  connection 
with  the  disturhance  or  disturbances  which  caused  the  great  majority  of  the  larger 
rirerB  and  chains  of  lakes  in  the  district  to  follow  one  or  other  of  two  well  defined 
directions. 

A  glance  at  a  general  map,  sach  as  the  "Map  of  Part  of  the  District  of  Nipissing," 
published  by  the  Department  of  Lands  and  Mines  of  Ontario,  will  convince  the  reader 
that  the  system  of  water  ooursea  in  the  district  is  a  truly  remarkable  one  (Fig.  16).  The 
Nipissing  and  Temiskaming  map  sheets  published  by  the  Geological  Survey,  Ottawa, 
show  the  system  to  hold  over  a  still  larger  district.  The  chief  water  courses,  as  the 
maps  show,  follow  either  a  northeast  and  southwest,  or  a  northwest  and  southeast  direc- 
tion. While  both  of  these  courses  are  indicated  clearly  on  the  maps,  the  latter  is  the 
more  prominent. 


Fig.  9  enlarged. 


N.W.-S.E.  Water  System 

The  Tamiskaniidg  and  Northern  Ontario  Bailway,  recently  completed  to  the  head 
of  lake  Temiskaming  from  North  Bay  junction,  on  the  main  line  of  the  Canadian 
Pacific  railway,  has  naturally  been  constructed  along  the  line  of  least  resistance,  or 
in  other  words,  it  has  been  built  for  the  most  part  along  a  line  of  depression  in  order 
to  avoid  costly  rock  cuts.  The  map  shows  that  this  road  practically  parallels,  running  in 
a  northwesterly  direction,  the  Ottawa  river  and  lake  Temiskaming  for  the  first  90  miles 
or  more  of  its  course,  to  the  crossing  of  the  Montreal  river  at  Latchford  station,  the 
railway  being  15  or  20  miles  to  the  westward  of  the  Ottawa.  At  Lstchford  the  railway 
tnrns  northeastward  and  runs  for  12  or  14  miles,  parallel  with  the  second  great  Byst«m  of 
water  courses,  to  Haileybury  on  lake  Temiskaming.  The  direction  followed  by  the  railway 
for  the  first  90  miles  of  its  course  proves  that  there  is  a  line  of  depreasioii  here,  paralld 
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with  the  Ottawa  river  and  lake  Temiskaming  although  it  is  not  indicated  by  water 
courses  on  the  map  along  the  greater  part  of  the  route. 

Continuing  northwestward  from  Wabi  bay,  the  northwest  corner  of  lake  Temis- 
kaming, and  in  line  with  the  direction  followed  by  the  main  body  of  this  lake  and  the 
Ottawa  river  for  about  75  miles,  there  is  a  water  course.  Wabi  creek,  which  flows 
southeast  for  about  15  miles.  In  line  northwestward  from  this  point  on  Wabi  creek 
the  map  of  Nipissing  does  not  show  any  prominent  water  course  in  a  direction  north- 
west and  southeast  for  about  15  miles,  although  two  branches  of  the  Blanche  river 
cross  this  space  on  the  map  in  a  direction  northeast  and  southwest,  parallel  with  the 
other  great  system  of  water  courses.  Ffteen  miles  in  line  northwestward  of  that  part 
of  Wabi  creek  referred  to,  the  lake  Temiskaming-Ottawa  river  line  is  continued  north- 
westward by  what  is  here  known  as  the  south  branch  of  the  Blanche  river.  For  15  miles 
northwestward  here  the  river  is  represented  by  lake  expanses.  Long  and  Kenogami 
lakes,  and  for  15  miles  above  the  upper  of  these  lakes,  the  river  is  ascended  in  a  north- 
west direction  to  the  limits  of  the  map  of  Nipissing,  to  which  reference  has  been  made. 

The  length  of  the  line  followed  northwestward  from  Mattawa  by  the  series  of 
water  courses  mentioned — Ottawa  river,  lake  Temiskaming,  Wabi  creek,  Long  and 
Kenogami  lakes  and  the  upper  part  of  the  south  branch  of  the  Blanche  river — is 
approximately  135  miles. 

It  will  be  seen,  however,  that  there  is  a  bend  in  lake  Temiskaming  near  the  point 
where  the  Montreal  river  enters  it.  The  lower  part  of  the  lake  and  Ottawa  river  are 
therefore  more  in  line  with  the  Montreal  river  than  with  Wabi  creek. 

The  Blanche  river  enters  the  northeastern  expansion  of  lake  Temiskaming  and 
the  main  stream  and  Round  lake  branch  of  this  river  follow  a  northwest  line  for  a  dis- 
tance of  35  or  40  miles.  This  northwest  axis  of  the  Blanche  lies  parallel  with  the  Wabi 
creek-lake  Temiskaming  axis,  and  9  or  10  miles  to  the  northeast  of  it. 

A  third  water  course  which  shows  a  striking  parallelism  to  the  two  described  is 
that  of  the  Montreal  river,  which  lies  10  or  11  miles  southwest  of  the  northwest  axis 
of  the  Ottawa  river.  From  the  railway  crossing  at  Latchford  station  northwestward 
through  Bay  lake  and  the  townships  of  Auld,  Barber,  James,  to  the  edge  of  the 
Nipissing  map,  the  line  of  the  river  holds  its  northwestward  course  for  over  50  miles. 
Southeastward  from  Latchford  station  the  line  of  weakness,  if  we  can  so  call  it,  is 
continued  through  Straight,  Johnny  and  Rib  lakes  for  9  or  10  miles.  It  will  be  seen 
that  in  the  township  of  Barber  and  immediately  below  Latchford  station,  for  example, 
the  river  changes  its  course  for  3  or  4  miles,  here  following  the  direction  of  the  other 
great  system  of  water  courses,  that  is  the  northeast  and  southwest  one,  but  it  gets  back 
again  into  its  normal  northwest  and  southeast  course. 

Immediately  east  of  the  Cobalt-Silver  area  there  is  a  chain  of  small  lakes — Cross 
Kirk,  Chown  and  Goodwin — with  connecting  streams,  which  follows  a  clearly  defined 
(Northwest  and  southeast  direction,  parallel  with  the  shore  of  Temiskaming,  distant  3 
t^iles  to  the  eastward. 

N.E.— S.W.  System 

The  water  courses  and  lake  axes  which  lie  in  a  northeast  and  southwest  line  are 
•tot  so  prominent  on  the  map  as  are  the  northwest-southeast  ones  just  described;  still 
"^liey  form  a  not  indistinct  system,  and,  as  indicated  by  fig.  15,  they  seem  to  have  an 
^^nportant,  but  as  yet  little  understood,  relationship  to  the  cobalt  deposits  of  not  only 
""^  "  alt  proper  but  of  those  of  Rabbit  lake  30  miles  to  the  south  and  of  Wendigo  lake 
miles  to  the  north.  If  a  line  be  drawn  on  the  map  from  near  the  mouth  of  the 
inze  river,  at  the  northeast  extremity  of  lake  Temiskaming,  southwestward  to 
.tchford  station  on  the  Montreal  river,  a  distance  of  22  or  23  miles,  and  beyond, 
will  be  seen  that  it  follows  the  main  axis  of  the  large  northeast  bay  of  lake  Temis- 
kaming, and  that  the  longer  axis  of  Cobalt  lake  lies  parallel  to  it.  Several  other  small 
^^kes — Short,  Pickerel  and  Bass — lie  approximately  on  this  Hue,  as  does  also  that  part 
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of  the  Montreal  river  between  Latchford  station  and  the  Sandy  portage.  Farther 
southward  it  will  be  seen  that  one  long  narrow  arm  of  lake  Temagami  and  adjacent 
bodies  of  water  follow  a  northeast  and  southwest  line  for  over  20  miles.  Rabbit  lake, 
east  of  Temagami,  has  one  arm  5  or  6  miles  in  length  running  in  the  same  direction 
and  another  whose  axis  follows  a  northwest-southeast  line.  The  two  arms  of  Obabika 
lake,  to  the  west  of  Temagami,  show  a  similar  relationship,  one  to  the  other. 

The  most  striking  water  course  following  a  northeast-southwest  line  is,  however, 
the  northeast  or  what  is  sometimes  called  the  Abitibi  branch  of  the  Blanche  river. 
There  is  a  string  of  eleven  lakes  here  between  Windigo  lake,  north  of  the  township  of 
Ingram,  and  the  Quebec  boundary,  a  distance  of  15  miles.  To  the  southwestward  in 
the  townships  of  Armstrong  and  Henwood  the  south  branch  of  the  Blanche  follows 
about  the  same  direction.  Otter  and  Wright  creeks  which  run  from  the  Quebec  boundary 
into  the  Blanche  river,  between  the  head  of  Temiskaming  and  Tomstown,  flow  in  a 
southwest  direction. 

At  points  where  the  two  systems  of  water  courses  join  a  number  of  striking  V-like 
turns  are  shown  in  lakes  and  rivers,  as  for  example,  those  formed  by  (1)  the  two  arms 
of  Rabbit  lake,  (2)  the  northeast  arm  of  Temagami  with  the  main  body  of  the  lake,  (3) 
the  turns  in  the  Montreal  river  at  Latchford  station  and  at  the  Sandy  portage,  (4)  the 
longer  axis  of  Wabi  bay  with  that  of  Paulson's  bay  at  the  head  of  lake  Temiskaming. 
The  angles  thus  formed  appear  to  be  slightly  less  than  a  right  angle  and  the  V  in  all 
but  ond  of  the  cases  mentioned  points  southward.  The  axes  of  the  two  arms  of  Oba- 
bika lake  form  an  angle  greater  than  a  right  angle,  which  points  eastward. 

Considering  the  great  variety  of  rooks  cut  through  by  the  water  courses  of  the 
two  systems,  the  regularity  of  their  courses  over  sncfa  a  large  district  is  remarkable.  A 
few  lakes  and  streams  have  their  longer  axis  lying  in  a  north  and  south  or  in  an  east 
and  west  direction,  but  they  do  not  form  a  system  comparable  to  either  of  the  other 
two. 

Origin  of  the  Systems 

Concerning  the  origin  of  the  two  great  systems  of  water  courses  little  can  be  said 
at  present.  It  is  impossible  to  say  whether  the  courses  follow  fault  lines  or  simply 
folds.  They  are  doubtless  due  to  regional  disturbance  in  post-Middle  Huronian  times. 
Much  of  the  surface  of  the  country  is  covered  by  recent  and  glacial  deposits,  and  the 
rocks  where  exposed  present  such  a  complex  of  igneous  and  metamorphosed  fragmental 
material,  with  minor  faults  and  folds,  that  it  will  be  difficult  to  prove  the  existence  of 
what  may  be  called  regional  faults  or  folds. 

At  Cobalt  lake,  which  has  its  longer  axis  parallel  with  one  of  these  regional  axes, 
if  we  may  so  call  them,  the  beds  of  the  Lower  Huronian  greywack^late  and  conglomerate 
dip  towards  the  lake,  as  shown  at  the  veins  on  location  J  B  6  and  on  Cobalt  hill, 
location  R  L  404.  The  lake,  judging  from  the  dip  of  these  rocks,  occupies  the  axis 
of  a  syncline.  The  hills  where  the  dip  was  observed  lie  at  an  elevation,  on  both  locations, 
of  about  100  feet  above  the  railway  track  at  Cobalt  station.  At  the  powder  house 
vein,  however,  on  location  J  S  14,  near  the  foot  of  Cobalt  lake,  the  slate  is  seen 
to  be  practically  horizontal.  The  vein  here  referred  to  is  at  the  base  of  a  cliff,  which 
rises  to  a  height  similar  to  that  of  the  hills  across  the  railway  track  to  the  westward 
on  the  southern  part  of  R  L  400.  In  the  former  case,  the  hill  is  composed  entirely 
of  the  greywack^-slate,  while  on  R  L  400  the  rock  is  conglomerate  of  the  same  series. 
It  would  thus  appear  that  the  railway  here  follows  approximately  a  line  of  fault,  espec- 
ially as  the  main  shaft  on  J  S  14  penetrates  conglomerate,  similar  to  that  in  the  hills 
on  R  L  400,  at  a  depth  from  the  surface  of  80  feet.  There  may  thus,  be  a  fault  here 
parallel  with  the  main  axis  of  the  synclinal  fold  and  Cobalt  lake.  The  strike  of  the 
main  vein  of  the  La  Rose  mine,  J  S  14,  near  the  foot  of  Cobalt  lake  and  that  of  the 
McKinley  and  Darragh  vein  at  the  head  of  the  lake  are  approximately  parallel  with 
the  main  axis  of  the  lake.     Tlie  outcrop  oi  d\8\i«k.'&^  «.CiTo?&  ^\v^  railway  track  opposite 
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the  L&  Rom  vein  appeara  to  be  in  the  form  of  »  dike,  as  does  also  tbe  diabase  oear  the 
UcKinley  and  Darragh  vein.  These  diabase  ontcrops  seem  to  indicate  a  line  of  weak- 
Desfl  parallel  with  the  lake  and  the  railway. 

CHARACTER  AND  STRIKE  OP   VEINS 

The  accompanyiag  plan  of  tbe  reiuB,  prepared  b;  Mr.  W.  A.  Begg,  shows  that  the 
atrike  of  few  of  them  confomiH  to  the  directions  or  lines  of  weakneas  followed  by  either 
ot  the  two  great  systemi  of  water  courses,  which  hsTo  been  described.  It  would  appear 
that  there  is  more  uniformity  in  strike  among  the  reins  which  lie  to  tbe  westward  of 
Cobalt  lake  than  in  any  other  part  of  the  area.  The  rein  on  which  the  Trethew^ 
mine  is  situated  has  a  strike  of  about  N.  8S°  W.  A  narrow  stringer  immediately  north 
of  this  has  a  aimilar  atrike,  as  hare  also  the  seven  veins  on  J  B  6.  On  the  Denison 
loi-ation,   immedintely   southwest  of   J    B   6,  two  narrow  veins  have  a  strike  similar  to 
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Pie  16.  Columnar  jointing  perpendicular  to  the  planps  of  heddinc  in  [!rovirnrW- 
slftte.  The  structure  is  due  to  the  effects  of  intrusive  diabase  on  the  elate.  A  section 
of  a  small  column  is  on  top  of  the  larger  one.     Lot  15  in  the  first  concession  of  Bucke. 

that  mentioned,  as  has  abo  the  vein  worked  on  tbe  claim  to  the  southwest  of  Denison's 
The  strike  of  these  veins,  on  J  B  6  at  least,  is  parallel  with  tbe  dip  of  the  enclosing 
rocks.  The  dip  can  be  determined  here  in  but  few  places.  On  J  B  6  at  one  point 
it  was  seen  to  be  about  20°  to  tbe  eastward.     {See  Sketch  Map,  page  10). 

"It  is  not  always  possible,  in  a  shattered  rock,  to  discriminate  between  joints  and 
those  lines  of  division  to  which  the  term  fissure  is  more  usually  restricted.  Many  so 
called  fissures  may  be  merely  enlarged  joints,"^  This  holds  true  in  tbe  cobalt-silver  area. 
While  the  openings  occupied  by  some  veins,  or  part  of  a  vein,  can  be  called  fissures, 
there  are  many  more  to  which  the  writer  is  inclined  to  apply  the  term  jo\tl^.  "^.^t^ 
openings  in  the  greywack^  and  conglomerate  are  in  many  cases  cowtiectftS,  -^^On  oViTMvfc.T 
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jointing  in  these  rocks.  A  vein  may  occupy  a  distinct  fissure-like  opening  for  some 
distance,  then  it  may  split  up,  the  stringers  thus  formed  running  around  columns  out  of 
the  former  course  of  the  vein  and  coming  back  some  feet  ahead  into  the  line  first 
followed.  The  columnar  jointing  is  well  shown  in  the  rock  cut  along  the  railway  a 
short  distance  south  of  Cobalt  station.  Several  of  the  trenches,  20  feet  or  more  in 
depth,  from  which  ore  has  been  extracted,  illustrate  the  same  phenomenon. 

The  well  banded  greywack^-slate  on  the  north  part  of  lot  15  in  the  first  concession 
of  Bucke,  has  this  columnar  structure  very  perfectly  developed  in  it  (Fig.  11).  The 
columns  here  have  a  much  smaller  diameter  than  those  just  mentioned.  They  are 
developed  at  right  angles  to  the  bedding  of  the  slate  which  is  almost  flat-lying,  and 
they  are  nearly  as  perfect  in  form  as  those  sometimes  found  in  basalt.  On  this  lot  in 
Bucke  the  columns  are  developed  at  the  contact  of  the  slate  with  intrusive  diabase. 
That  columnar  structure  of  this  kind  is  not  uncommon  in  fragmental  rocks  is  seen  from 
the  following  statement:  ''Contact  with  eruptive  rocks  has  frequently  produced  a 
prismatic  structure  in  the  contiguous  masses.  Conspicuous  illustrations  of  this  change 
are  displayed  in  sandstones  through  which  dykes  have  risen.  Independently  of  the 
lines  of  stratification,  polygonal  prisms,  six  inches  or  more  in  diameter,  and  several 
feet  in  length,  starting  from  the  face  of  the  dyke,  have  been  developed  in  the  sand- 
stone."? 

Whether  we  call  the  openings  occupied  by  the  cobalt-silver  veins  and  stringers 
fissures  or  joints,  it  seems  likely  that  they  have  been  produced  by  the  diabase  which 
intruded  the  Lower  Huronian  rocks  in  which  the  veins  are  found.  The  diabase  formed 
sheets  or  sills,  in  many  cases,  which  appear  to  have  had  a  great  horizontal  expansion. 
Owing  to  denudation,  diabase  outliers  are  now  found  at  many  points  overlying  the 
older  fragmental  rocks.  The  sills  here  appear  to  be  comparable  with  those  in  the 
vicinity  of  Port  Arthur,  on  the  north  shore  of  Lake  Superior.  As  previously  shown,  a 
few  cobalt-silver  veins  have  been  found  in  the  diabase.  Silver  veins  in  the  Port  Arthur 
area  also  cut  both  the  Huronian  and  diabase,  many  of  them  passing  from  one  rock  into 
the  other    (Pig.  17). 

METAMORPHISM  OF   SILVER  AREA 

As  already  shown,  there  is  a  similar  assemblage  of  rocks,  to  that  surrounding  Cobalt 
station,  over  an  area  which  is  at  least  75  miles  in  length  from  north  to  south.  The 
question  then  arises  as  to  why  deposits  as  rich  in  silver  as  those  near  Cobalt  have  not 
been  found  here  and  there  all  over  this  large  area.  The  only  answer  to  this  question 
which  the  writer  can  give  at  the  present  time  is  that  the  rocks  in  the  vicinity  of  Cobalt 
station  appear  to  have  been  less  disturbed  and  less  highly  metamorphosed  by  the  regional 
disturbances  than  have  those  in  the  surrounding  areas.  For  instance,  while  much 
of  the  Lower  Huronian  in  the  productive  area  lies  in  horizontal  beds  or  in  those 
which  dip  at  a  low  angle,  similar  rocks  a  few  miles  north,  near  Sharp^s  Landing,  dip 
at  angles  of  60°  or  more.  In  the  vicinity  of  Temagami  and  Rabbit  lakes  to  the  south- 
ward similar  rocks  have  been  rendered  schistose.  South  of  Wendigo  lake,  30  miles  to 
the  north  of  Cobalt  station,  the  conglomerate  and  greywacke-slate,  while  frequently  lying 
almost  horizontally,  appear  to  have  been  baked  and  hardened  much  more  than  those  in 
the  productive  area.  Quartz  stringers  appear  to  be  characteristic  of  tjie  more  dis- 
turbed areas. 

It  would  appear  then  that  the  rocks  in  the  productive  area  had  escaped  the  greater 
disturbances  and  metamorphism  to  which  those  in  surrounding  areas  have  been  sub- 
jected. This  left  them  in  the  right  physical  condition  to  be  readily  jointed  and  fis- 
sured by  the  contraction  of  the  diabase.  After  the  deposition  of  the  cobalt-nickel 
arsenides,  which  seem  to  be  among  the  first  minerals  deposited,  the  veins  appear  to  have 
been  slightly  disturbed,  giving  rise  to  cracks  and  openings  in  which  the  silver  and  later 
minerals  were  deposited.  Veins  which  escaped  this  later,  slight  disturbance  contain 
little  or  no  silver. 


Geikie.  Text-Book  of  Geology,  p.  769. 


Metamorphism  of  Silver  Area 


There  may  be  other  differences  between  the  productive  arek  kud  those  which  sur- 
rouod  it.  Intrueions  of  rooks  Uter  in  age  than  the  diabase  and  gabbro  may  have  pli^ed 
some  part  in  the  formation  of  the  ores.  Only  one  such  intrusion  has  b«en  obserred 
in  tlia  field.  Thia  is  the  Groas  lake  basalt,  referred  to  on  another  page.  It  is  rery 
difficult,  in  most  casea,  to  distinguish  these  basic  rocks  of  different  periods  of  eruption. 
Keevatin  diabases  ma;  be  mistaken  for  those  of  later  age,  and  vice  versa. 
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Fig.  1..  Si'ciion  through  JH.  .MtKay  uuar  Fort  William,  Unl.  The  lra|i.lier«  bears  a 
similar  relHtionahiu  to  the  slaty  pericti  to  tlist  n-hich  it  hao  in  the  Cobalt  an;a,  '  Some  silver 
ii-eins  in  tlie  Port  Arthur  area  tut  both  ihe  trap  anil  slate.     ( After  Dr.  A.  C.  Lawtion. ) 


THE  ROCKS  OF  THE  AREA 

Owing  to  the  fact  that  the  surface  is  covered  with  green  timber  and  there  is  much 
drift  material,  contacts  and  good  exposures  are  difficult  to  find  in  places.  Facilitiee 
for  mapping  will  btt  much  better  in  a  couple  of  years,  as  mining  progresses  and  the 
timber  is  removed. 

From  the  colored  map  which  accompanies  this  Report  it  will  be  seen  that  there  is 
a  considerable  Tariety  in  the  pre-Cambrian  series.  The  Niagara  of  the  Silurian  system 
also  shows  prominent  outcrops.  Between  the  Niagara  and  the  Pleistocene  or  glacial 
there  are  no  formations  represented  in  the  district.    The  pre-Cambrian  has  been  separ- 
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ated  into  the  following  series  by  the  writer.  It  is  possible,  however,  that  unconformi- 
ties exist  which  have  not  been  located  as  yet.  It  may  be  said  that  there  is  some  indica- 
tion of  an  older,  unclassified  fragmental  or  Huronian  series  in  the  district.  If  this  can 
be  isolated  our  Lower  will  become  Middle,  and  our  Middle  will  be  classified  as  Upper 
Huronian. 

In  mapping  the  area  I  had  the  valuable  assistance  of  Messrs.  Cyril  W.  Knight  and 
K.  Anson-Cartwright.  The  mapping  of  some  parts  of  the  field  is  entirely  the  work  of 
these  gentlemen. 

Keewatin  and  Laurentian :  The  oldest  series  in  the  district  consists  of  an  igneous 
complex  which  contains  diabases,  and  related  rocks  of  differAnt  periods  of  eruption, 
together  with  granite-porphyry  and  other  igneous  material.  Sediments  are  represented 
by  the  jasper-iron  ores.  The  basic  rocks  or  greenstones  occur  in  much  larger  volume 
than  do  those  of  a  more  acid  character.  The  name  Keewatin  is  applied  to  this  series. 
It  has  been  subjected  to  folding  and  other  disturbances,  and  is  cut  through  by  ihedium 
to  coarse-grained  granite,  especially  in  the  township  of  Lorrain,  to  which  the  name 
Laurentian  is  applied.  The  Keewatin  rocks,  however,  have  been  folded  before  the 
intrusion  of  the  Laurentian. 

Huronian :  After  the  Laurentian  intrusion  the  surface  was  subjected  to  erosion, 
and  these  rocks,  together  with  the  Keewatin,  were  worn  down.  This  period  of  erosion 
was  a  long  one,  and  the  surface  was  rendered  very  uneven,  being  cut  into  hills  and 
valleys  somewhat  like  those  of  the  present  surface.  The  oldest  fragmental  material 
which  lies  directly  on  the  eroded  Keewatin  and  Laurentian  surface  consists  of  conglom- 
erates, greywack6-slate  and  impure  quartsites.  These  rocks  contain  fragments  of  the 
gravute,  greenstone  and  other  representatives  of  the  older  series,  and  their  relation- 
ship to  the  latter  is  quite  easily  proved  by  contacts  in  a  number  of  localities.  This 
older,  or,  as  it  is  called  on  the  map,  Lower  Huronian,  is  of  special  interest  since  it 
contains  most  of  the  cobalt-silver  veins. 

The  association  of  the  members  of  the  Lower  Huronian  is  somewhat  variable. 
There  is  usually  a  little  coarser  material,  conglomerate,  at  ths  base.  This  is  frequently 
followed  by  a  considerable  thickness  of  well  banded  greywack6-slate.  The  slate  in  many 
cases  passes  gradually  upwards  into  a  feldspathic  or  impure  quartzite  which  is  succeeded 
by  a  coarse  conglomerate.  The  greater  part  of  the  conglomerate  is  undoubtedly  younger 
than  the  more  slaty  members.  The  relationship  of  these  members  of  the  Lower  Huronian 
is  well  seen  in  the  Little  Silver  vein  cliff  in  the  southwest  corner  of  R  L  404  (Frontis- 
piece). 

The  veins  cut  through  all  these  series,  but  the  most  productive  parts  of  the  veini 
are  usually  in  the  rocks  which  contain  more  or  less  coarse  fragments.  It  is  believed 
that  the  fissures  now  occupied  by  these  veins  were  produced  at  the  time  of  the  eruption 
of  the  younger  diabases  and  gabbros  which  will  be  referred  to  again. 

This  Lower  Huronian  series  has  at  one  time  had  a  greater  thickness  than  it  has 
at  present.  Being  laid  down  on  an  uneven  surface,  it  is  impossible  to  say  what  the 
thickness  of  the  series  is  at  any  one  point ;  it  may  be  a  few  feet  or  it  may  be  a  few 
hundred  feet.  In  some  places  it  is  entirely  absent,  the  older  series  or  floor  on  which 
the  Lower  Huronian  is  laid  being  exposed  at  the  surface.  The  hills  near  Cobalt  station, 
however,  where  these  conglomerates  and  other  members  of  the  series  outcrop,  are  500 
feet  above  the  water  level  at  the  shore  of  lake  Temiskaming,  where  similar  oatcrops 
are  found.  It  would  thus  seem  that  the  Lower  Huronian  may  in  some  cases  have  i 
thickness  of  at  least  500  feet. 

Middle  Huronian :  The  series  of  arkoses,  or  what  have  been  called  by  some  writera 
sea-green  quartzites,  together  with  conglomerates  and  quartsites  of  the  township  of 
Lorrain,  form  another  series  in  the  Huronian,  the  present  writer  having  foand  that 
they  are  unconformable  to  the  Lower  Huronian.  This  series  in  the  eastern  part  of  the 
area  has  been  derived  chiefly  from  the  erosion  of  the  Lorrain  granite,  and  mach  of  the 
area,  between  Chown  and  Goodwin  lakes  on  the  west  and  Paradis  bay  on  the  east,  con- 
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tains  small  patches  and  outliers  of  this  series.  It  is  impossible  to  represent  these  on 
the  map,  the  passage  from  granite  into  the  decomposition  products  being  so  gradual. 
On  lot  4,  in  the  twelfth  concession  of  Lorrain,  a  striking  contact  between  the  Lower 
Huronian  and  Middle  Huronian  is  seen,  fragments  of  slate  of  the  former  being  cemented 
in  the  arkose  of  the  latter.    Fig.  22  shows  a  specimen  from  this  contact. 

On  the  eastern  shore  of  Temiskaming  the  two  series,  so  far  as  seen,  appear  to  be 
conformable.* 

There  is  no  reason  so  far  as  the  writer  knows,  why  this  Middle  Huronian  should 
not  contain  veins  as  well  as  the  Lower  Huronians  since  it  is  also  cut  by  the  diabase 
and  has  been  subjected  to  similar  disturbances.  The  intrusive  nature  of  the  diabase 
as  regards  the  Middle  Huronian  is  seen  on  the  shore  of  Temiskaming  just  south  of 
Devil's  rock. 

Diabase  and  (rahhro :  It  will  be  seen  from  the  map  that  these  rocks  occupy  a  con*- 
siderable  part  of  the  surface  of  the  area  under  review.  In  most  cases,  where  associated 
with  the  Huronian,  they  seem  to  be  in  the  form  of  sheets  or  sills  spreading  between  or 
over  the  layers  of  the  rocks  through  .which  they  cut.  They  show  no  evidence,  such  as 
amygdaloidal  texture,  of  being  surface  flows.  These  rocks  are  much  fresher  in  appear- 
ance and  coarser  in  grain  than  those  of  a  similar  composition  which  occur  in  the 
Keewatin,  and  can  thus  usually  be  readily  distinguished  in  the  field  from  the  latter. 
After  the  eruption  of  these  diabases  and  gabbros,  whose  exact  age  is  not  known,  that 
is,  whether  they  belong  to  the  Upper  Huronian  or  the  Keewenawan,  erosion  of  the 
surface  again  took  place  for  a  long  period  of  time,  and  all  the  series  now  exposed  in 
the  field,  with  the  exception  of  the  younger  Niagara,  were  worn  down. 

Diabases  representing  several  periods  of  eruption,  Keewatin  to  post-Middle  Huron- 
ian, are  found  and  it  is  very  difficult  to  distinguish  them  in  the  field.  On  the  south 
shore  of  Cross  lake  the  diabase  which  contained  cobalt-silver  veins  is  cut  by  a  younger 
basalt. 

Niagara:  This  Silurian  series  consists  of  similar  rocks  and  fossils  to  those  which 
are  found  in  the  districts  to  the  south.  It  is  composed  essentally  of  limestones  which 
contain  a  little  conglomerate  and  sandstone  at  their  base.  The  region  has  been  sub- 
jected to  little  disturbance  since  the  deposition  of  these  Niagara  rocks. 

Glacial  and  Becent :  Much  of  the  surface  of  the  area  covered  by  the  map  is  occupied 


*  sir  William  Logan  (Uien  Mr.  Logan)  exploreil  Lake  Temiskaming  In  1845-6.  The  account  of  his  trip,  pub- 
liihed  in  the  report  of  ihe  Geological  Survey  for  those  years,  pages  60-70,  is  of  Interest. 

"  Ascending  Lake  Temiscamang.  the  slates  come  in  upon  the  gneiss  about  three  miles  below  the  mouths  of 
the  Montreal  and  Metabecchuan  RiTers.  on  the  west  bank,  and  about  three  miles  above  them  on  the  east ;  and 
they  occupy  both  sidea  to  within  two  and  a  half  miles  of  the  Hudson  Bay  Companv's  Post.  In  this  distance  tiiey 
may  have  a  direct  breadth  of  about  seven  miles  in  which  they  are  effected  by  at  least  one  undulation,  and  pro- 
bably more,  and  constitute  hills  of  300  or  400  feet.  As  gathered  from  the  map  of  D.  Taylor's  exploratory  Journey 
from  Lake  Huron  to  the  Ottawa  bv  Lakes  Nipissing.  Temagamanc:  and  Temiscamaqg.  the  slates  in  a  westerlv 
direction  run  forty  miles  in  a  line  about  S.  40'  w.,  from  the  latter  Laxe  to  Bass  Lake,  on  the  Sturgeon  River,  whicn 
diacbarges  into  Lake  Nipissing  on  the  nortli  side,  and  it  appears  probable  they  will  come  upon  some  part  of  .the 
north  shore  of  Lake  Huron.  On  Lake  Temiscamang  they  are  foilowyd  by  the  sandstones,  which  crom  the  lake 
with  a  strike  of  N.  60*  £.,  and  dipping  northward  at  a  very  small  angle,  after  having  been  piled  up  into  a  ranre  of 
about  the  same  elevation  as  the  Slate  nllls.  they  reach  the  Companv's  Post,  where,  nearly  flat,  tnev  run  unaera 
narrow  gravel  hill,  130  feet  in  height ;  emerging  beyond,  they  continue  to  a  distance  of  about  half  a  mile  above 
the  Post,  and  there  become  interrupted  on  both  sides  of  the  lake  by  a  mass  of  syenite.  This  syenite  does  not 
poflsess  the  gneitsoid  arrangement  of  the  rock  lower  down  the  river,  but  it  appears  to  be  nearly  similar  in  other 
respects,  beme  composed  of  reddish  feldspar,  whi*e  or  colorl^s  quartz,  and  a  sparine  quantity  of  green  horn- 
blende. The  breadth  of  this  syenite  band  is  pretty  nearly  three  mlleb  on  both  sides  of  the  lake.  On  the  west  it  is 
lucceeded  by  the  sandstones,  which  run  along  the  coast  for  a  distance  of  four  miles,  nearly  in  the  strike  of  the 
measures,  dipping  towards  the  water  at  a  small  angle,  and  are  followed  by  the  8lates,  which  come  from  behind 
them,  and  continue  in  a  straight  line  for  nine  miles  to  the  western  bay  at  the  head  of  the  Lake,  forming  high,  per- 
pendicular clifTs  for  part  of  the  way,  and  rounded  hills  for  the  remainder.  On  the  east  side,  the  syenite  gives 
place  to  the  slates,  which  there  present  the  porphyritic  appearance  already  mentioned.  The  sandstones  come 
upon  them  on  tne  south  side  of  the  wuthem  large  island,  and  the  mainland  near,  dipping  a  little  to  the  west  of 
north  at  an  angle  of  three  degrees :  and  both  they  and  the  slates,  with  their  associated  conglomerates,  make  their 
appearance  at  occasional  points  along  the  coast,  wherever  denuded  of  the  overlaying  limestones,  the  basset  edge 
of  which  thinly  covers  them,  to  the  island  at  the  entrance  of  the  eastern  or  Moose  Bay.  Beyond  this  the  sand- 
stones, gently  dipping  south,  are  seen  in  a  projecting  point  to  the  east  of  the  island.  The  slates  are  met  with  at  the 
mouth,  and  at  the  first,  second  and  third  Porisges.  of  the  Riviere  des  Quinze,  or  Moose  River  and  their  associated 
conglomerates  in  the  bay  to  the  WL>st  of  the  Blanche. 

•'  The  limestones  constitute  the  two  large  islands  north  of  the  Company's  Post,  the  two  smaller  ones  between 
them,  the  island  already  mentioned  planted  at  the  entrance  of  the  eastern  bay.  and  a  very  small  one  on  the  west 
coast,  as  well  as  the  promontory  which  separates  the  east  bay  from  the  west.  The  strata  lie  in  the  form  of  a  shal- 
low timugh.  baaed  sometimes  on  the  sandstones  and  86metimes  on  the  plates,  aceupying  the  breadth  of  the  lake.— 
from  five  to  six  miles— and  extending  from  the  south  side  of  the  southern  great  island  to  some  unknown  di.stnnce 
northward,  being  probably  a  projecting  point  or  an  outlier  of  some  more  extended  calcareous  area  nearer 
Hudson's  Bav." 
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by  bculder  clay  and  loose  bedded  deposits.  The  distribution  of  these  materials  has  not 
been  showD  on  the  map,  (nring  to  the  fact  that  their  mapping  would  hare  taken  more 
time  than  we  had  at  our  di^iosal. 

Keewatln 

The  folding;  which  has  been  produced  in  the  Keewatin  is  well  shown  by  the  torsion 
craoka  in  Figs.  18,  19.  The  photographs  which  these  represent  were  taken  at  the  con- 
tact of  the  Keewatin  with  the  Lower  Hurontan,  at  the  shore  of  Temiskaming,  on  lot  IS 
in  the  second  ooncession  of  the  township  of  Bucke.  This  contact  is  shown  on  the  map.  It 
is  an  important  one  owing  to  the  (act  that  it  is  easily  reached  from  the  town  of 
Haileybury,  either  by  water  or  by  land.  The  Keewatin  greenstone  also  frequently 
shows  spheroidal  parting  similar  to  that  which  has  been  described  in  the  Vermilion 
district  of  Minnesota. 

Mr.  M.  B,  Baker  who  examined,  microscopically,  specimens  of  the  Keewatin 
greenstone  from  near  the  contact  on  the  lot  above  mentioned  says  that  the  rock  has  a 
very  fine  grained  trap-like  appearance.     The  two  important  constituents  are  green  hora> 


Fig.  18.  Torsion  cracks  in  Keewatin  greenstone.  Lot  IS  in  the  second  conoeasion  of  Backs. 


blende  and  plagioclase.  The  former  mineral  occurs  in  angular  grains  and  blade-like 
pieces,  which  show  a  frayed  structure,  and  is  altered  to  chlorite.  Much  of  the  plsg- 
ioclase  is  changed  to  kaolin  and  occurs  in  lath-Uke  forms.  Some  sections  show  a  well 
defined  ophitic  structure,  so  that  the  rock  can  now  be  called  a  fine-grained  hornblende 
diabase.  Other  specimens  of  the  Keewatin  greenstone  examined  by  the  writer  from  the 
railway  cuts  near  Pickerel  lake  and  elsewhere  are  similar  in  character. 

At  the  immediate  point  of  junction  or  contact  of  the  Lower  Huronian  with  the 
Keewatin  on  the  lot  to  which  reference  has  been  made,  the  greenstone  of  the  latter 
is  cut  through  by  a  dike  of  porphyry  of  pre-Huronian  age.  This  porphyry  ■howi 
similar  cracks  to  thoee  presented  by  the  Keewatin,  but  its  porphyritio  texture  eerres 
as  a  good  means  of  identification.     It  frequently  is  difficult  to  distinguisli  the  mors 
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or  leas  metamorphosed  greenstones  of  the  Keewatin  from  some  of  the  slaty-groywAckd 
phases  of  the  orerljing  Lower  Huronian.  These  greywackea  are  simply  the  recomposed 
greeostonea,  or  in  other  words  after  the  greeDstones  have  broken  down  into  fine  material 
this  has  been  resolidified  into  slate-like  rocks.  But  at  the  contact  referred  to  ve  find 
pebbles  and  boulders  of  the  Keewatin  porphyry  dike  in  the  OTerlying  Huronian,  and 
there  is  no  mistaking  these  pebbles  and  angular  fragments  for  something  else.  (Figs. 
20,  21).  In  many  other  outcrops  one  has  not  his  attention  drawn  to  the  unconformity 
■it  once.  There  is  a  well  defined  contact  in  a  light  colored  knoll  Which  lies  some  diatancft 
east  of  Farr  crMk  on  the  northeast  corner  of  lot  13  in  the  first  concession  of  Bucke. 
This  hill  is  in  the  hush  but  can  be  seen  on  looking  southward  from  the  road.  North- 
ward from  the  road  here  there  are  also  contacts.  The  location  of  these  is  shown  on 
the  map. 

Prerions   maps   of  this    district   hare   shown    as    one   series   the   Keewatin,   Lower 
I  and  Middle  Huronian,  thus  bringing  out  the  fact  already  illustrated  that 


Fig.   19.  Part  of  rock  surface  in  Fig.  18  enlarged. 

it  is  somewhat  difficult  at  times  Ui  distinguish  some  phases  of  the  Lower  HuroniaU' 
from  the  Keewatin.  Those  who  have  mapped  the  series  in  this  way  considered  that 
the  boulders  and  other  fragments  in  the  Lower  Huronian  represented  pyroclastic  rocks 
prOiCticBlIy  contemporaneous  with  the  greenstones  of  the  Keewatin,  which  were  also 
deemed  to  be  of  sedimentary  character. 

Surrounding  Sharp's  Landing  there  are  some  interesting  exposures.  The  Kee- 
watin is  here  represented  by  an  outcrop  of  iron  formation  which  is  only  about  26  feet 
in  length.  Surrounding  this  or  overlying  it  are  slates  and  conglomerates  of  the  Loww 
Huronian,  which  here  dip  at  a  higher  angle  than  they  usually  do  in  the  ricinity  of 
Cobalt  station.  Near  this  Landing  and  along  the  shore,  the  Huronian  is  probably 
folded  into  anticlines  and  synclines,  as  there  seems  to  be  a  repetition  of  certain  beds. 
The  most  interesting  point  in  connection  with  these  outcrops  is,  however,  the  fact  that 
we  found  fragments  of  the  Keewatin  iron  formation  in  the  overlying  series. 
4   M.  (11) 
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The  Eeewfttin  rooks  which  outcrop  ground  the  shores  and  iaUnds  of  S&saginagk 
and  Clear  lakes  are  seen  to  be  of  at  least  two  ages.  The  older  rocks  are  light  colored 
and  fine  Krained  and  are  often  much  fissured.  They  contain  numerooa  stringers  of 
quarti,  especially  near  the  north  end  of  lake  Basaginaga.  It  is  difficult  to  sa;  what 
much  of  this  light  colored  rock  has  been  originally,  although,  from  thin  sections  exam- 
ined microscopically,  it  appears  to  have  been  a  fine  grained  Tolcanic  type.  It  is  cut 
through  fay  a  later  series  which  is  somewhat  like  other  exposures  of  the  Eeewatin  seen 
in  the  district.  A  similar  assemblage  of  rocks  to  those  found  at  this  lake  occurs  in  the 
township  of  Boston  to  the  northward.  Usually  the  Eeewatin  is  represented  fay  darker 
colored  rocks  than  thooe  of  most  of  the  exposures  around  Sasaginaga. 

The  folding,  shown  by  small  cracks  or  torsion  figures,  which  are  present  in  many  of 
the  Keewatin  outcrops,  assists  in  their  recognition.  Many  of  these  cracks  are  now 
filled  with  white  calcite,  and  although  on  the  whole  the  rooks  UxA.  like  slates  of  the 
Lower   Huronian,   these  calcite  fissures  distinguish  them.      There  are   some   good  exp(^ 


snres  of  this  kind  in  the  railroad  cats  between  Pickerel  lake  and  Bass  lake,  two  or  three 
miles  south  of  Cobalt  station.  Other  smaller  exposures  of  the  rock  in  the  railroad  evt- 
tings  may  be  seen  about  opposite  Short  lake,  just  soath  of  Cobalt  lake,  and  oertsin 
outcrops  oocur  not  far  east  of  the  railway  and  south  of  Cobalt  lake.  The  oatlinee  of 
this  area  have  been  only  approximately  determined.  Then  we  hare  shown  an  ares 
just  west  of  Peterson  lake.  It  was  found  almost  impossible  to  det«rmine  its  boon- 
daries  accurately,  and  in  this  connection  it  may  be  said  that  if  the  alaty  phaMS  rf  the 
Lower  Huronian  have  been  metamorphosed,  as  they  sometimes  are  in  the  Tioinity  of 
diabase  intrusions,  it  become  doubly  difficult  to  distinguish  them  from  the  Keewatin. 
We  hare  also  shown  Keewatin  areas  along  the  Uontreal  river  between  Honnd  Ckut« 
Mad  Bandy  portage.  This  area  is  probably  much  larger  than  shown  on  the  map,  as  no 
attempt  was  made  to  trace  it  out  in  det«>\\.  Sivm'&a.T  tqc^  ^x%  fqund  around  lake  New. 
3a  M.  (ll) 
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Coatact  of  Keewadn  aad  Laurentlan 

Although  the  Laurentian  granite  coveri  au  area  of  considerabla  extent  on  the 
map,  we  found  only  one  good  contact  where  the  granite  plays  the  part  of  an  intniBiTe 
rock.  This  was  near  the  northwest  comer  of  what  we  have  called  Kirk  lake.  The 
gnuute  bere  cornea  in  contact  with  greenstone  and  sends  out  small  dikes  and  stringers 
into  it.  This  greenstone  appears  to  be  a  rariet;  of  the  Keewatin  of  the  district.  It 
is  certainly  aUv  than  the  granite.  A  microscopic  examination  of  the  greenstone  was 
not  Tery  satisfactory  owing  to  the  metamorphism  to  which  it  has  been  subjected. 

The  granite  of  the  district  is  commonly  rather  coarse  in  grain  and  of  a  deep  flesh- 
red  color,  the  feldspar  predominating.  The  ferro-magnesian  constituent  is  biotite, 
which  is  usually  converted  to  chluito  and  occurs  in  smatl  quantity.  The  predominant 
feldspar  in  generally  microcline,  and  other  acid  varieties  of  plagioclase  are  abundant. 
The  larger  quartE  grains  frequently  show  a  rounded  outline. 


Fie.  31.  Contact  on  shore  of  Temiskaming  between  the  Keewatin  and  Lower 
Hnronian.  The  Huronian  breccia  rests  on  the  Keewatin  rock  from  which  it  was 
defired.    Lot  Ifi  in  the  second  concession  of  Bucke. 

It  would  bare  been  a  source  of  satisfaction  if  we  had  been  able  to  find  more  eos- 
taota  of   the   granite  with  tbe  Keewatin  greenstones,   but   the  writer  thinks   that   the 
relationship  which  is  shown  by  the  legend  on  the  map  to  exist  between  the  roc^  c&  \7i»& 
region  is  correct  for  tbe  following  reasons;    (1)  The  Keewatin  t\iTov\^wA  VIb^  t^&.'^»» 
been  mncb  di»tarbe<i  and  now  contains  torsion  cracks  and  otbei  evidence  (A  d^n^l'ax^»•'QSM> 
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while  the  Laurentian  granite  does  not  show  any  traces  of  such  disturbance.  (2)  The 
granite,  as  has  just  been  said,  cuts  through  the  greenstone  at  the  northwest  corner 
of  Kirk  lake.  (3)  Boulders  and  other  fragments  of  granite,  similar  to  that  which 
makes  up  the  mass  of  the  rock  in  Lorrain,  are  found  in  the  Lower  Huronian  in  many 
places,  thus  giving  evidenoe,  even  if  we  had  no  contact  between  the  granite  and  the 
Keewatin,  that  the  Lower  Huronian  is  younger  than  the  granite.  The  writer  has  never 
seen  any  contact  between  the  granite  and  the  Lower  Huronian.  (4)  The  Middle  Huron- 
ian is  seen  in  contact  with  the  Laurentian  granite  in  numerous  places  in  the  town- 
ship of  Lorrain.  In  fact  it  is  difficult  to  draw  a  line  between  the  two  series,  the  re- 
composed  Middle  Huronian  material  often  resembling  very  closely  the  Laurentian 
granite  from  which  it  has  been  derived.  A  similar  relationship  between  these  series 
was  described  by  Dr.  Barlow  in  his  Report  of  the  region  some  years  ago,  the  outcrops 
studied  by  him  being  on  the  Quebec  side  of  Temiskaming  in  the  vicinity  of  Ville  Marie. 
At  that  time  it  was  thought,  however,  that  the  granite  was  the  oldest  rock  in  the  dist- 
rict, that  is,  older  than  the  Keewatin,  Lower  Huronian  and  Upper  Huronian,  the 
three  being  put  into  one  series. 

In  two  or  three  instances  pebbles  in  the  Lower  Huronian  appeared  to  be  conglom- 
erate, that  is,  they  seemed  to  indicate  that  there  had  been  a  conglomerate  series  before 
the  Lower  Huronian  was  laid  down.  The  writer  was  not  able  to  break  out  any  of  these 
pebbles  so  as  to  determine  their  character  accurately.  It  is  well,  however,  to  consider 
the  possibility  of  a  fragmental  series  in  the  district  older  than  what  is  here  called  the 
Lower  Huronian.  The  Keewatin  undoubtedly  contains  some  sedimentary  material, 
shown  by  the  jasper-magnetite  bands. 

The  breccia  and  conglomerate  of  the  Lower  Huronian  are  what  were  called  by  Logan 
and  others  slate-conglomerate,  a  name  which  well  describes  the  varietieb  possessing  a 
slate-like  base  through  which  are  set  pebbles  and  boulders.  At  times  the  fragments 
are  angular  in  form.  These  rocks  show  great  variety  in  composition,  the  conglomerate 
frequently  containing  pebbles  of  many  kinds  and  of  various  sizes,  the  material  being 
representative  both  of  the  Keewatin  complex  and  of  the  Laurentian.  Pebbles  represent 
several  diabases  and  porphyries  of  the  Keewatin  together  with  those  of  granite  and 
other  pre-Huronian  rocks.  In  other  cases  the  Lower  Huronian  fragmental  rocks  con- 
tain material  of  only  one  or  two  kinds,  representative  of  an  underlying  or  adjacent 
mass.  Thus  the  slaty-greywacke  members  frequently  represent  the  recomposed  material 
of  the  Keewatin  which  was  consolidated  almost  in  situ.  It  is  often  difficult  to  dis-. 
tinguish  the  recomposed  rock  from  that  through  whose  decomposition  it  was  formed. 

Huronian 

The  map  shows  what  we  have  called  the  Middle  Huronian  to  be  confined  to  the 
southeastern  corner  of  that  part  of  the  area  which  belongs  to  Ontario.  This  series  is 
here  light  in  color,  being  composed  essentially  of  granite  debris.  It  is  possible  or  even 
probab^o  that  there  may  be  rocks  of  the  same  age  on  the  western  side  of  the  area  which 
differ  i  i  appearance  from  these  Lorrain  arkoses  and  other  varieties.  No  outcrops  of  gran- 
ite were  seen,  in  the  western  or  northern  part  of  the  area;  hence  if  rocks  were  being 
laid  down  in  those  parts  of  the  field  at  the  same  time  as  they  were  being  deposited  in 
the  southeast  corner,  the  fragmental  material,  no  granite  being  present,  would  be 
different  in  appearance  from  the  Middle  Huronian  of  Lorrain. 

It  may  be  seen  from  the  map  that  the  writer  has  roughly  subdivided  what  he  has 
called  the  Lower  Huronian,  the  coarser  fragmental  material  or  conglomerate  b^ng 
shown  to  be  essentially  confined  east  of  a  line  which  runs  from  the  east  side  of  Mud 
lake  northeastward  towards  New  Liskeard.  Some  outcrops  of  this  conglomerate  or 
breccia  were,  however,  found  in  the  township  of  Hudson. 

These  rocks  in  the  western  part  of  the  map  resemble  in  a  general  way  the  grey- 
wack6  slate  which  is  associated  witli  tlie  cong]Lomerate  in  the  vicinity  of  Cobalt  station 
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and  elsewhere,  but  tWa  elates  along  the  railroad,  for  instance  near  the  town  plot  of 
Latchford,  are  usually  reddish  banded  and  present  a  somewhat  different  appearance 
from  the  typical  slates  of  the  Lower  Huronian.  Reddish  banded  slates  are  found  along 
the  shore  of  Temiskaming,  on  the  Quebec  side,  to  the  east  of  the  area  we  have  mapped. 

Contacts  are  very  frequently  difficult  to  find.  The  writer  was  fortunate  in  finding 
a  striking  one,  a  specimen  from  which  is  shown  in  figure  22,  on  lot  4  in  the  twelfth 
concession  of  Lorrain.  This  contact  is  shown  on  the  map.  A  small  knoll  of  slaty 
greywacke  here  has  the  arkose  around  its  base,  and  fragments  of  the  dark  graywack^ 
are  cemented,  as  shown  in  the  figure,  with  the  light  colored  arkose.  This  is  the  only 
contact  that  the  writer  was  able  to  find  between  the  Lower  and  Middle  Huronian. 

There  are  some  things  that  are  rather  difficult  t«  understand  in  connection  with 
the  Huronian  sediment.  The  cement  material,  for  instance,  and  the  angular  charac- 
ter of  the  greynack^  fragments  at  the  contact  just  described  do  not  indicate  water 
erosion.  The  cement  material  is  very  fresh  in  appearance  and  only  slightly  decom- 
posed, thus  differing  from  material  which  has  been  produced  in  the  presence  of  water. 
The  greywacke  fragments  being  angular  also  show  no  evidence  of  having  been  worked 
over  by  water.  The  writer  is  not  able  to  offer  a  satisfactory  explanation  tor  the  char- 
acter of  the  sediment  found  in  some  of  these  strata.     As  previously  stated,  other  writers 


Fig.  22.  Breccia  at  the  contact  of  the  Lower  Huronian  with  the  Middle  Huronian. 
Fragments  of  greywacke-slate  are  cemented  together  by  the  light  colored  Middle  Hur- 
onian arkose.    Lot  4  in  the  twelfth  concession  of  Lorrain. 


in  the  district  have  claimed  that  all  this  fragmental  material  was  pyroclastic  in  origin. 
The  present  writer  has  disproved  this,  the  fragmental  material  at  some  of  the  contacts 
being  clearly  derived  from  the  older  series  close  at  hand.  To  account  for  the  unde^ 
composed  and  angular  character  of  much  of  the  fragmental  material,  the  writer  is 
inclined  to  the  belief  that  desert  conditions  prevailed  in  this  region  at  the  time  some 
of  the  Middle  Huronian  rocks,  at  least,  were  formed.  Of  course,  much  of  the  material 
in  the  Lower  Huronian,  after  we  get  above  its  base,  and  much  of  that  in  the  upper- 
most part  of  the  Middle  Huronian  is  well  rounded  and  shows  the  effects  of  water  action. 
The  writer  does  not  pretend  to  say  that  there  is  no  pyroclastic  material  intermixed 
with  the  fragmental  material  of  the  Huronian.  The  association  of  some  of  the  strata  is 
puaaling.  It  ia  difficult  to  understand,  for  example,  how  certain  laTfc,e  bQ\A&et%  tA 
ip-anite  in  the  conglomerate,   which   forms  part  of  the  highest   outfttw^s  cA  tVc  \.twi*T 
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duronian,  hare  been  carried  so  far  from  their  parent  masses.  These  large  boulders 
are  found  oyer  much  of  the  district,  and  there  are  now  no  outcrops  of  granite  in  the 
neighborhood  of  many  of  them.  Then  some  of  the  delicately  banded  greywack^  slate 
may  represent  Tolcanic  dust  or  fine  grained  pyroclastic  material.  In  the  present  state 
of  our  knowledge  we  hare  little  warrant  for  claiming  that  the  granite  boulders,  often 
two  or  three  feet  or  more  in  diameter  and  distant  a  couple  of  miles  from  exposures  of 
the  rock,  indicate  glacial  conditions  during  Lower  Huronian  times,  although  we  hare 
no  proof  to  the  contrary. 

Analysis  of  Slate 

The  sample  analysed  is  from  the  well-banded,  what  I  hare  called  greywack^-slate, 
from  the  base  of  the  cliff  at  the  Little  Silver  mine  in  the  southwest  corner  of  location 
R  L  404  (Frontispiece).  Mr.  Burrows  found  it  to  hare  the  following  percentage  composi- 
tion: 

Per  cent. 

SUica   62.74 

Alumina    16.94 

Ferric  oxide  6.07 

Ferrous  oxide 1.69 

Lime  1.39 

Magnesia  3.06 

Soda  and  potash 6.07 

Moisture   .36 

Loss  above  110  degrees  3.20 

Total    100.41 

Analysis  of  Breccia 

A  sample  of  the  medium  grained  breccia,  in  the  wall  of  the  Jia  Rose  rein,  was  sub- 
mitted to  analysis  by  Mr.  Burrows,  with  the  following  result: 

Per  cent. 

Silica    43.12 

Alumina   19.74 

Ferric  oxide  6.72 

Lime  6.40 

Magnesia  7.48 

Soda   4.60 

Potash    1.76 

Cobalt  and  nickel .66 

Loss  on  ignition  10.94 

Arsenic 1.18 

Total  100.88 

The  sample  showed  in  places  the  greenish  arsenate  of  nickel  and  also  bright  specks 
of  a  white  mineral,  evidently  smaltite  or  chloanthite. 

Diabase  and  Qabbro 

These  rocks,  as  will  be  seen  from  the  map,  occupy  a  considerable  part  of  the  area. 
Good  contacts  are  found,  especially  between  them  and  the  Lower  Huronian.  A  con- 
tact of  diabase  with  the  Middle  Huronian  can  be  seen  along  the  shore  of  Temiskaming 
a  short  distance  north  of  Martineau  Bay  and  elsewhere.  One  is  struck  by  the  fact 
that  in  many  of  these  contacts  the  fragmental  rocks,  through  which  the  diabase  and 
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B«bbro  cut,  fr«qa«iitly  dip  towftnU  tho  diabase.  This  is  raUier  unusual.  We  gener- 
ally find  fragmental  rooks  dippins  away  fmm  tiie  intrusiTe  rarieties  or  forming  anti'- 
tact  of  diabase  with  the  Middle  Huronian  can  be  seen  along  the  ghore  of  Temiskaming, 
clinal  structures.  The  diabases  and  gabbroa  here,  as  ghown  on  preceding  pages,  formed, 
in  many  cases,  laccolitio  massoe  and  sheets  or  sills  at  one  time  (Fig.  17).  Hence  it  is  prob- 
ably to  be  expected  that  the  slate  and  conglomerate  series  should  dip  towards  outliers  of  th« 
diabase  and  gabbro  which  rest  on  tbran.  A  contact  of  the  slate  with  diabase  is  seen  acroas 
the  railway  from  the  La  Bose  mine,  and  good  contacts  are  also  to  be  seen  near  tlw 
railway  track  a  couple  miles  south  of  Haileybury.  The  slate  on  lot  15  in  the  first 
concession  of  Bncke  has  been  much  disturbed  by  the  intrusion  of  the  diabase,  and  a 
peculiar  eolnmnar  structure,  perpendicular  to  the  bedding,  has  been  deTeloped  in  it. 
This  has  already  been  described  (Fig.  16). 

It  was  thought  that  the  metals  in  the  cobalt^lrer  deposits  might  hare  been 
derived  from  the  diabase.  Bampleg  from  different  ont«rops  were,  howerer,  tested  by 
Hr.  Burrows,  who  found  no  indication  of  the  presence  of  aoy  of  these  elemanta. 
Keewatin  greenstone  was  examined  with  similar  results. 

Elsewhere   in  this   report  it  has   been   stated  that  these  post-Huronian    diabasea 


Fig.  93.  Oonta(4  of  Mitldlc  Humntnn  nnartjiitc  with  Niaeara  limestone  on  the 
ea«t  shore  of  Lake  Temiskaming,  north  of  Piche  Point.  The  fragments  of  quartdte 
are  cemented  together  by  limestone. 

and  gabbros  are  often  much  liko  some  of  the  coarRpr  varieties  of  basic  rocks  which  are 
foand  in  the  Keewatin.  R«presentatiTes  of  the  latter,  especially  on  freshly  broken 
surfaces,  have  a  more  weathered  and  altered  appearance  than  do  poat-Huronian 
representatives . 

The  writer  has  not  thought  it  necessary  to  make  a  detailed  examination  of  the 
poat-Huronian  diabases  and  gabbros,  owing  to  the  fact  that  this  would  not  have  mach 
economical   bearing,    and   further,    these    rocka   have    been   described   in    Dr.    Barlow's 
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Report  on   the  TemiEkaming  map  sheet  published  in   1697.     The   reader  deeirotis  of 
details  concerning  these  rocks  should  refer  to  that  Report, 

It  may,  however,  be  noted  here  that  these  diabases,  while  the;  may  belong  to 
about  the  same  period  of  eruption  as  some  of  the  basic  eruptirea  in  the  vicinity  of 
Sudhnry,  are  different  from  them  in  character.  We  hare  no  rock  here  which  closely 
resembles  the  norite  of  Sudbury.  About  the  middle  of  the  southwest  shore  of  Croes  lake 
there  are  outcrops  of  a  basalt  which  cuts  the  diabase,  in  which,  a  little  further  to  the 
westward  occur  the  Stringer,  Handy  and  other  cobalt-silver  reins.  In  hand  specimeni 
this  basalt  is  seen  to  be  very  fine  grained,  especially  near  the  contact.  Under  the 
microscope  the  constituents  of  the  rock,  which  is  quite  fresh,  are  seen  to  be  in  two 
generations.  The  most  prominent  mineral  is  plagioclase  which  occurs  both  as  pheno- 
crysts  end  in  the  ground  mass  in  needle-like  crystals.  A  light  colored  pyroxene  occurs 
more  sparingly  than  plagioclase.  It  is  found  both  as  phenocrysts  and  in  grains  in  the 
ground  mass.  The  pyroxene  phenocrysts  are  older  than  those  of  plagioclase.  A  very 
few  grains  of  olivine  are  present  in  some  of  the  thin  sections. 


Silica   

Alumina 

Fig.  24.  La  Rose  mine,  May,  1904. 
AiMlyses  of  Cross  Lake  Rocks 

No.  1.              No.  2. 
46.20               49.84 

No.  3. 
48.06 

Ferrous  oxide   . 
Ferric   oiide    .... 
Lime   

14.64                 6.40  \ 
3.64                 1.51  / 
7.89               10.32 

9.57 

11.55 

Soda 

Potash    

Loss  on   ignition 

Totals  

l.m                 1.28 
2.67 

w.«a         \(B.i4 

.27 
3.54 

100.89 
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No.  1  is  the  basalt  described  above.  No.  2  is  the  diabase  or  gabbro  cut  by  the 
basalt.  This  gabbro,  near  the  point  mentioned  on  Cross  lake,  is  seen  to  overlie  a  fine- 
grained representative  of  the  fragmental  series.  * 

No.  3  is  an  analysis  made  in  the  Pittsburg  Testing  Lab9ratory  of  a  specimen  of 
gabbro  taken  two  feet  away  from  the  Handy  vein  and  about  six  feet  from  the  surface. 
The  result  of  this  analysis  was  given  to  the  writer  by  Mr.  J.  0.  Handy,  who  says  that 
a  thin  section  of  the  rock  examined  microscopically  showed  predominant  hypersthene, 
much  augite,  plagioclase,  magnetite  and  no  quartz.  This  specimen  is  seen  from  the 
analysis  to  possess  almost  the  same  chemical  composition  as  No.  2.  The  Handy  claim 
lies  a  short  distance  west  of  the  foot  of  Cross  lake. 

In  the  western  part  of  the  field  the  diabase  and  gabbro  frequently  contain  grains 
of  reddish  feldspar.  In  the  township  of  Hudson  narrow  veins  with  niccolite  and  smaltite 
have  been  found  in  this  rock. 


Lalce  Superior  Silver  Deposits 

« 
The  Silver  Islet  mine  and  the  silver  mines  on  the  main  shore  to  the  southwest- 
ward  of  Port  Arthur  are  well  known  to  students  of  ore  deposits.  In  richness  of  silver 
they  resemble  those  of  Cobalt  station,  but  they  contained  a  much  lower  percentage 
of  cobalt,  nickel  and  arsenic.  Cobalt  bloom  and  nickel  bloom,  together  with  arsenides 
and  other  compounds,  were,  however,  found  in  these  lake  Superior  deposits  with  the 
silver.  A  similar  assemblage  of  minerals,  but  in  a  much  smaller  quantity,  was  briefly 
described  years  ago  as  occurring  on  Michipicoten  island.  It  is  well  known  that  native 
ailyer  ooonrs  in  association  with  native  copper  in  the  great  copper  mines  of  Michigan 
*on  the  south  shore  of  Superior.  It  would  seem  then  that  native  silver  is  not  a  very  rare 
mineral  in  the  region  between  the  Quebec  boundary  and  the  north  and  south  shores  of 
lake  SupNerior.  Port  Arthur,  howerver,  lies  about  600  miles  west  of  Cobalt  station,  and 
in  the  intervening  area  no  deposits  of  the  metal  have  been  found.  There  is  ground  for 
hope  that  deposits  will  be  discovered  when  this  area  is  explored.  Little  is  known 
abont  much  of  it  at  the  present  time. 

The  Port  Arthur  Mines 

Hnch  has  been  written  on  the  silver  mines  in  the  area  adjacent  to  Port  Arthur. 
This  literature  has  been  summarized  and  many  additional  details  given  in  an  import- 
ant report  written  by  Mr.  E.  D.  Ingall  of  the  Canadian  Geological  Survey .9  None  of 
these  mines  are  now  working. 

It  will  be  seen  from  the  following  notes,  condensed  from  Mr.  Ingall's  report,  that 
these  Port  Arthur  deposits  in  many  respects,  especially  in  the  facts  that  they  occupy 
for  the  most  part  vertical  fissures  which  cut  slightly  inclined  pre-Cambrian  beds  and 
in  their  mineral  contents,  resemble  the  silver-cobalt  deposits  in  the  vicinity  of  lake 
Temiskaming.  The  chief  difference  between  the  two  as  regards  their  mineral  contents 
is  that  the  Port  Arthur  deposits  contain  a  higher  percentage  of  gangue  material,  the 
ore  usually  occurring  in  bunches  or  pockets,  and  the  percentage  of  silver  is  always 
much  higher  than  that  of  the  associated  nickel  and  cobalt  which  generally  occur  in 
small  quantities  or  are  entirely  absent  in  some  of  the  deposits.  Some  of  the  veins  in 
the  vicinity  of  lake  Temiskaming  on  the  other  hand  contain  a  much  smaller  amount 
of  gangue,  and  the  percentage  of  cobalt,  nickel  and  arsenic  is  often  higher  than  that 
of  silver.  One  of  these  veins,  that  in  the  northwest  corner  of  R  L  404,  as  shown 
above,  consisted  as  exposed  at  the  surface  of  about  14  inches  of  solid  smaltite  together 
with  niccolite.  There  was  little  gangue  in  this  ore.  The  Cobalt  station  deposits,  as 
previously  stated,  resemble,  among  veins  which  have  been  worked  in  the  world,  more 
closely  those  of  Joachimsthal  in  Austria  and  Annaberg  in  Saxony  than  any  others. 

•  '*  Report  on  Mines  and  Mining  on  Lake  Superior,"  bv  E.  D.  IngaU,  Pari  H  XwtvwaA  V.v?^t\.  ol  W\^  ^^^<>^^i»X 
Survey  of  Canada,  1887, 124  pages. 
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It  is  intereating  to  know,  howerer,  that  nickel  did  occur  in  the  Silv^  Islet  mine, 
•t  least,  in  economic  quAntitiea.  Tke  first  ores  of  this  metal  of  this  Proviaoe,  which 
is^now  auch  ftn  important  producer  of  the  metal,  were  thoso  of  the  Silver  lalet  mine. 
Mr.  W.  H.  Courtis,  in  a  paper  read  before  the  American  Institute  of  Mining  EngLneera, 
October,  1873,  in  speaking  of  the  nnelting  works  at  'Wyandotte,  aays  that  the  matte  iras 
treated  to  save  the  nickel  and  that  the  silver  was  extracted  from  the  marketable  nickel 

Ingall  says  the  vein-fiUing  minerals  consist  of  qnartz,  barite,  caloite  and  fluorite. 
In  these  oconr  different  metallic  miaerab,  tib.  :  blende,  galena,  pyrites  of  various  species 
and  occasionally  some  aulpharets  of  copper,  whilst  the  silver  occurs  as  argentite  and  in 
the  native  state,  the  former  being  the  more  common.  At  places  the  veins  carry  a 
dark  green,  probably  chloritio,  material,  which  on  some  surfaces  has  a  bright  waxy 
lustre,  whilst  oooasionally  a  soft,  greasy  talcose  material,  probably  saponite,  accom- 
panies the  ore,  notably  at  the  Bearer  mine,  and  to  a  lesser  extent  at  one  or  two  other 
places.  Carbon  in  various  forms  has  also  been  found  here  and  there,  whilst  in  some 
of  the  vugs  in  the  veins  which  bare  been  found  near  the  surface  stiff  clay  and  ochreous 


Fig.  25.    La  Rose  mine,  Cobalt,  June,  1905. 


material  have  sometimes  been  obtained  along  with  nuggets  of  argentite,  the  former, 
however,  having  evidently  been  washed  in  from  the  surface  and  thus  imbedded  the 
silver  miaerab  already  existing  in  the  vugs. 

The  same  writer  further  states :  "These  then  are  the  mineral  constituents  of 
these  veins,  but  the  Silver  Islet  vein  forms  somewhat  of  an  exception  in  that  it  carried, 
besides  these,  various  arsenical  and  antimonial  ores  of  silver  with  compounds  of  nickel 
and  cobalt  and  other  metallic  minerals  which  have  so  far  not  been  found  in  the  rest 
of  the  veins. (?)  Other  salient  features  were  the  pink  and  cream-oolored  dolomitic 
BpU'   which  60  frequently  formed   a  characte'-istic   and  prominent  constitnent  of  the 
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of  the  rich  ore,  and  the  prodominAnce  of  natira  lilTor  in  the  rich  parts, 
•  in  the  rest  of  the  veins,  though  this  form  of  tilrer  oocon  in  considerable 
■y  at  plaeea,  yet  argentite  seems  to  be  the  form  in  which  it  is  generally  found." 
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"Again,  it  is  interesting  to  know  that  both  the  mineral  waters  and  the  inflam- 
mable gas  that  were  met  with  in  opening  up  the  Silrer  Islet  mine  have  also  been 
encountered  at  other  points  in  the  district.  At  the  Rabbit  Mountain  mine  in  one  of 
the  lower  levels  I  saw  water  running  over  the  breast  of  the  drift  which  gave  off  a  faint 
odor  of  sulphuretted  hydrogen  and  was  depositing  a  white  flocculent  material,  whilst 
both  at  this  place  and  at  the  Beaver  mine  I  was  informed  that  small  quantities  of 
inflammable  gas  had  been  met  with." 

These  veins,  like  those  of  Temiskaming,  frequently  present  a  brecciated  appearance, 
angular  fragments  of  rock  being  enclosed  in  the  vein  .material. 

Ingall  found  the  distribution  of  the  silver  minerals  in  the  veins  very  irregular,  the 
rich  ore  generally  occurring  in  detached  bodies  of  varying  dimensions  surrounding 
very  poor  or  quite  barren  areas  of  the  vein. 

As  regards  the  metallic  minerals,  it  was  observed  by  Ingall  that  the  blende  comes 
first  in  importance,  being  the  most  plentiful.  This  mineral  is  practically  absent  in 
the  Temiskaming  deposits.  The  galena  does  not  play  such  an  important  part,  Ingall 
says,  as  the  blende.  Pyrite  is  found  to  a  lesser  extent  than  the  two  last  mentioned 
minerals.  Both  pyrite  and  galena  are  likewise  rarely  met  with  in  the  Temiskaming 
veins.  Marcasite  and  pyrrhotite  are  found  in  the  Port  Arthur  veins,  but  copper  com- 
pounds represented  by  chalcopyrite  and  copper-glance  are  rare.  Through  these  minerals, 
or  through  the  gangue  minerals,  are  distributed  the  argentite  and  native  silver.  It 
is  said  that,  with  the  exception  of  Silver  Islet,  the  native  silver  is  more  characteristic 
of  the  or«  bodies  near  the  surface  and  is  replaced  by  argentite  in  depth.  The  likelihood 
of  blende,  galena  and  pyrite  carrying  silver  is  asserted  to  be  in  the  order  in  which  they 
are  here  named.  Silver  was  found  in  but  few  specimens.  Some  traces  of  gold  were 
obtained  in  these  minerals  in  a  few  instances. 

The  calcite  is  said  to  be  apparently  older  than  the  quarts,  and  there  is  also  some 
secondary  calcite.  The  silver  minerals  seem  to  be  due  to  a  later  infiltration  of  silver- 
bearing  waters  subsequent  to  the  deposition  of  the  gangue  minerals. 

Regarding  the  source  of  the  silver  minerals  Ingall  does  not  offer  any  definite 
theory.  He  says  some  writers  have  thought  them  to  be  connected  with  the  trap  erup* 
tion,  the  silver  being  brought  up  by  thermal  waters  accompanying  these  intrusions. 
He  points  out,  however,  that  these  fissures  intersect  and  dislocate  the  trap  sheets  and 
dikes.  He  adds  that  the  fact  remains  that  all  the  ore  bodies  occur  near  or  within  a 
reasonable  distance  of  trap  in  some  form,  either  in  dikes  or  in  sheets.  This  suggested 
the  idea  to  him  that  the  silver  may  be  derived  by  decomposition  of  some  of  the  mineral 
constituents  of  the  trap  carrying  minute  quantities  of  silver.  On  decomposition,  waters 
infiltrating  downwards  through  the  fissures  might  have  deposited  their  silver  contents 
in  them.  He  thinks  that  the  various  forms  of  carbon  present  in  the  sedimentary  rocks 
may  have  had  some  influence  in  effecting  this  precipitation. 

Silver  Islet  Mine 

This  deposit,  which  occurs  on  an  islet,  less  than  80  feet  in  diameter,  about  a  mile 
out  in  the  lake  off  Thunder  Cape,  was  discovered  in  the  summer  of  1868.  It  is  tlxi 
most  famous  silver  mine  yet  worked  in  Canada,  the  silver  produced  from  it  amounting 
in  value  to  $3,250,000.  The  vein  on  this  islet  intersects  what  is  called  a  chloritic 
diorite  dike  in  its  course  through  the  sedimentary  beds  of  the  Animikie.  The  prodacing 
part  of  the  vein  was  practically  confined  to  that  portion  between  the  walls  formed 
of  the  dike  material. 

We  shall  not  attempt  to  give  a  fuller  account  of  this  vein  here,  but  shall  refer 
the  reader  who  wishes  more  details  to  Mr.  Ingall's  interesting  report.  It  will  be  well, 
however,  for  the  purpose  of  comparison  to  give  a  list  of  the  minerals  found  in  this 
vein.  Among  these  are  the  gangue  minerals  calcite,  quarts  and  dolomite,  the  latter 
varying  in  color  from  cream  to  pink  according  to  the  amount  of  manganese  contained. 
A   variety  known  as  rhodochrosite  is  s«i\d  lo  Vv«.Ye  been  found.     The  metallic  minerals 


Lake  Superior  Silver  Deposits 


mr«  native  silver,  argentitc,  galena,  blende,  coppar  and  iron  pyrites  with  marcaaite, 
tetrkhedrite,  domeykite,  niccolite  and  cobalt  bloomj  tc^ether  with  a  mineral  knovn 
as  tnacfarlanite  containing  arsenic,  cobalt,  nickel  and  silver.  Two  new  minerals  are 
said  to  have  been  found  in  the  ore;  these  were  called  hnntilite  and  animikite,  those 
with  macfarlanite,  according  to  one  writer,  being  the  principal  producing  silver  ores  of 
the  mine.  There  were  also  found,  annabergite,  antimonial  silver  and  cerargjrite,  the 
latter  "where  the  rock  has  been  decomposed."  Graphite  is  said  to  occur  in  quantity. 
A  curioDs  feature  of  the  Tein  was  the  combustible  gas  met  with  in  large  quantities 
in  the  workings  And  the  mineral  water  which  carried  considerable  amounts  of  chlor- 
ide of  sodinm  and  other  metals.  Two  very  rich  bunches  or  bonanesB  of  ore  were 
found  in  the  vein.  One  of  theso  was  completely  worked  out  by  1874,  yielding  over 
$2,000,000.  The  shape  of  this  bonania  was  that  of  an  irregular  pear,  and  throughout 
its  extent  in  both  veins,  that  is  tbo  main  and  branch  vein,  it  was  accompanied  by  a 
strong  impregnation  of  graphite.  The  bulk  of  this  bonanea  was  arborescent  silver 
more  or  less  mixed  with  macfarlanite,  a  rich  ore  of  silver  carrying  78  per  cent,  of  that 
metal  along  with  arsenic,  cobalt  and  nickel.     Its  physical  structure  resembles  niccolite. 
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Fig.  27.     Underground  View  at  La  RoveMino,  1905.  (Frnm  a  iihot'^raph  by  llr.  A.  ile  KunieiU. 

In  drifting  south  on  the  third  level  in  1876,  strong  impregnations  of  graphite 
were  met  on  the  hanging  wall  which  were  soon  followed  by  the  second  bonanza.  This 
deposit  of  silver  was  remarkable  for  its  great  width,  five  feet  solid  across  the  breast, 
And  the  occurrence  in  great  quantity  of  the  two  previously  unknown  compounds  of 
silrer,  animikite  and  buntilite.  The  shape  of  this  bonanza  was  that  of  an  inverted 
cone  with  a  base  of  about  50  feet  on  the  third  level,  with  the  apex  down  as  far  as 
the  fifth  leivel.  This  deposit  was  phenomenal  in  its  structure,  and  a  winze  in  the 
niiddle  of  the  deposit  to  the  fourth  level,  60  feet,  was  sunk  literally  through  native 
ailrer,  the  metal  standing  out  boldly  from  the  four  walls  of  the  winze.  In  the  breast 
of  the  drift  it  stood  out  in  great  arborescent  masses  in  the  shape  of  books  and  spikes, 
in  gnarled,  drawn  out  and  twisted  bunches,  followed  by  arbiH'eBcent  silver  with  inter- 
oklkted  bands  of  animikite  and  huntilite.  The  width  of  the  vein  was  over  10  feet, 
and  the  entire  deposit,  including  the  stamp  rock,  yielded  about  800,000  oz.  of  aUict . 

While  the  vein  continued  to  the  greatest  depth  reached  in  V\ib  ^a\V,  o-vex  \W*1 


feet,  little  ore  w>«  met  with  in  the  lower  workinga,  ao  silrer  beins  obtsiitad  fnM  g[Mt 
■tretcbeB  of  rein  HMtarikl. 

To  give  an  idea  of  th«  riohneaa  of  the  ore  produced  from  this  vein  in  the  euliv 
p&rt  of  ita  history,  it  may -be  uid  that  the  1,164,637  lbs.  of  ore  produced  np  to  the  aeaaoD 
of  187S  ATeraged  $1,323.44  per  ton.  Silver  thes  aold,  however,  at  more  than  twice  iu 
present  price. 

Ore*  of  other  Lake  Superior  Mines 

In  order  to  show  the  character  of  the  minerals  found  in  other  depoeite  of  tba 
Port  Arthur  area  we  may  cite  the  following  examples  given  in  Ingall'i  report. 
Argentiferous  blende  was  the  chief  silver-hearing  ore  of  the  vein  on  HcKetlar's 
ialand.  On  Spar  island  the  metallio  minerals  were  copper-glance,  copper  pyrites, 
■inc  blende  and  a  little  argentite.  Prince's  mine,  the  oldest  mine  on  the  Canadian 
shore  of  the  lake,  having  been  worked  in  1S46  or  1847,  appears'tc  have  been  regarded 
more  in   the   light  of  a   copper    than    of    a    silver-bearing    vein.     It  contained   natiTe 


November,  1904. 


silver  disseminated  in  thin  laminae  through  the  calcareoos  spar  and  blende.  Argw- 
tite  was  also  found  in  this  vein,  and  the  oalcareons  spar  was  stained  with  blue  and 
green  carbonates  of  copper  and  with  arseniate  of  cobalt.  The  vein  on  Pie  ialand  eca- 
tained  blende,  galena  and  iron  pyrites. 

The  veins  so  far  mentioned  belong  to  what  Ingall  calla  the  Coast  group.  In  tis 
second  or  Fort  Arthur  group  he  says  the  silver  veins  may  be  considered  in  two  divisiont: 
(1)  Those  which  occur  in  the  Animikie  rocks ;  (2)  Those  occurmg  in  Uie  Arohean  sns 
to  the  north  of  the  former.  Host  of  the  veins  are  contained  in  the  first  division,  i 
number  of  veins  are  described  by  Hr.  Ingall  under  this  heading.  The  Shuniah  f 
Duncan  mine  is  interesting  owing  to  the  fact  that  the  vein  here  passes  downward  frm 
tbe  Animikie  rocks  into  the  underlying  Archean,  which  consists  of  what  are  ealbd 
diorite,  sjenite,  felsite,  etc.    It  is  said  tWi  no  a\\'q«'c  wu  ^i»mi.&  vii  ihat  part  of  the  vsin 
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nntained  within  Archean  walls.  At  the  3A  mine  the  gangue  was  moatly  quarts  with 
I  litU«  catcite  through  which  were  distributed  ores  of  irnn,  copper,  lead,  eino,  nickel  and 
jlTer,  with  some  cobalt  and  gold  as  shown  b;  the  aasajB.  The  silver  was  found  natire  and 
«mbined  with  snlpbur  and  nickel.  One  sample  of  the  ore  is  said  to  have  assayed 
..4  per  cent,  of  cobalt  and  26  per  cent,  of  nickel.  This  vein  was  in  what  Ingall  calls 
h»  Archaan  or  Huronian,  the  rocks  being  gray  dolomitic  Bckiats  associated  with  dark- 
rreen  compact  diorit«,  whilst  dark  grayish  red,  felsitic  syenite  occurs  a  short  distance 
O  the  sontk.  Near  the  3A  mine  was  a  vein  containing  2  feet  of  milky  quartz,  which 
B  interesting  on  account  of  the  fact  that  it  was  said  to  carry  native  bismnth,  the  only 
n«ntiou  made  of  this  mineral,  which  occurs  in  moat  of  the  Temiekaming  deposits.  The 
Immons'  mine,  on  lot  A  in  the  township  of  Mclntyre,  is  said  to  have  contained  miapickel, 
inotber  mineral  trhch  seems  to  be  rare  in  the  vicinity  of  Port  Arthur. 


Fig.  29.     Prospectors  at  Cobalt,  May,   1904. 

Rabbit  Mountain  Qroup 

This  group  of  mines,  which  was  discorered  a  number  of  years  after  the  Silver 
[•let  and  other  vetna  of  the  Coast  group,  is  said  to  present  somewhat  different  oon- 
iitiona  of  occnrrenoe  from  those  just  mentioned.  The  veins  are  all  in  the  Upper 
LTgillaceona  division  erf  the  Animikie  with  its  associated  trap  sheets.  The  ore  of  the 
Etsbbit  Honntain  mine  consists  of  native  silver  and  argentite  with  other  minerals. 
A  special  feature  of  the  Porcupine  mine,  one  of  this  group,  is  that  it  carries  witherita, 
:he  carbonate  of  barium.  In  the  Beaver  mine  there  is  the  occurrence  of  saponite 
tiready  mentioned. 

The  Silver  Mountain  group  presents  features  similar  to  those  of  the  group  just 
■eferred  to.  The  veinstones  are  calcite,  barite  and  quarts  with  fiuorite.  The  enclosing 
■ock  is  argillite.  The  metallic  minerals  are  represented  by  blende,  both  light  and 
lark-colored,  galena  and  iron  pyrites,  with  occasionally  a  little  cd^^qt  <^ti^^^*'&'  ''^'^ 
lilver  occurring  both  native  sad  as  argentite. 
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Woodside's  Tein  differs  from  the  others  in  the  area  in  that  it  occurs  in  the  Archean 
granitic  and  gneissic  rocks  underlying  the  Animikie.  The  vein  in  its  nature  and 
contents  is  very  similar  to  the  rest,  and  carries  blende,  galena  and  pyrites  distributed 
through  the  usual  gangue  in  moderate  profusion. 

There  is  also  what  is  called  the  Whitefish  Lake  group.  The  veins  here  mostly 
occur  in  the  lower  silicious  rocks  of  the  Animikie.  They  have  much  the  same  contents 
as  the  preceding  ones. 

Minerals  of  Port  Arthur  Veins 

With  the  object  of  comparing  the  minerals  of  the  Port  Arthur  silver  mines  with 
those  of  the  Temiskaming  veins,  the  following  table  has  been  prepared  from  the 
minerals  mentioned  by  Ingall  as  occurring  in  the  former: 

I.  Native  elements: 

Native  silver,  native  bismuth,   graphite. 

II.  Arsenides: 

Niccolite,  domeykite,  macfarlanite  {?),  huntilite  (?). 

III.  Arsenates: 

Cobalt  bloom,  annabergite. 

IV.  Sulphides: 

Argentite,   zinc  blende,    galena,   pyrite,   marcasite,   pyrrhotite,   chalcopyrite, 
copper  glance. 

V.  Sulph-arsenide : 

Mispickel. 

VI.  Antimonide: 

Animikite. 

VII.  Sulph-antimonide :  .. 

Tetrahedrite. 

VIII.  Chloride: 
Cerargyrite. 

IX.  Carbonates : 

Malachite,  azurite,  witherite. 

The  vein  filling  materials  are  quartz,  barite,  calcite,  dolomite,  rhodochrosite  and 
fluorite.     Chlorite,   saponite,  inflammable  gas  and  mineral  water  were  also  found. 

Many  writers  appear  to  have  held  that  the  trap  or  diabase  and  gabbro  which  over- 
lies the  Animikie  rocks  in  this  region  represented  a  vast  surface/  flow.  In  a  paper 
published  some  years  ago  Dr.  A.  C.  Lawson  showed,  however,  that  this  trap,  together 
with  the  layers  of  the  same  material  which  lie  at  a  greater  depth  in  the  Animikie,  is 
intrusive  in  character  (Fig.  17).  His  work  proved  that  these  traps  are  of  the  nature  of 
intrusive  sheets  or  sills  and  that  they  are  not  only  younger  in  age  than  the  Animikie 
but  that  they  belong  to  post-Keweenaw  times. »o 

OTHER  CANADIAN  NICKEL-COBALT  ORES 

The  following  extract  from  the  Report  of  the  Geological  Survey  of  Canada  for  1890- 
91  summarizes  a  number  of  the  known  occurrences  of  nickel  and  cobalt  in  Canada  at 
that  time. 

''It  may  not  be  amiss  to  draw  attention  here  to  certain  other  nickel  and  cobalt- 
ores,  or  minerals  containing  a  noteworthy  amount  of  one  or  the  other  of  these  metals, 
which  have  from  time  to  time  been  met  with  in  Canada  in  the  course  of  thid  Survey's 
work." 

'*One  of  these,  described  as  a  steel-gray  pyritous  ore,  from  the  Wallace  mine  on 
Lake  Huron,  was  found  by  Dr.  T.  S.  Hunt  to  contain  13.93  per  cent,  of  nickel.  Of 
two  others  found  on  Michipicoten  island,   Lake  Superior,   the  one  waa  shown  by  Dr. 


1"  Bulletin  No.  8,  Geological  8urvey  of  Minnesota.  1893. 
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Hunt  to  be  BD  intimate  mixture  of  the  arseniurets  of  ropper  and  nickel;  different 
portions  of  the  same  mau  affording  him  from  17.03  to  36.39  per  cent,  of  nickel,  whilst 
the  other,  also  azatnined  bj  Dr.  Hunt,  proved  to  be  a  hydrated  Bilicat«  of  nickel  which, 
after  drying  at  100^.,  was  found  by  him  to  contain  90.40  per  cent,  oxide  of  nickel, 
(equivalent  to  23.91  per  cent,  nickel).  The  arsenide  of  nickel,  which  for  present  pur- 
poses may  be  regarded  as  consisting  of  44.1  of  nickel  and  6S.9  of  arsenic,  has  also  been 
found  at  the  3A  mine,  on  lot  3A  of  the  township  of  McGregor,  district  of  Thunder  Bay, 
where  it  occnrs  in  somewhat  large  nodular  grains  and  nuggetty  bunches,  together  with 
native  silver,  of  a  similar  form,  freely  disseminated  through  a  gangue  of  oalcapar  with 
Mjmo  quarts.  The  foregoing  are  all  rich  ores  of  nickel,  and  shoiiH  the  deposits  on 
further  exploration  be  found  to  yield  a  sufficiency  of  the  material  these  would,  as 
available  sources  of  this   metal,   prove  of  economic  importance. 
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"Less  important,  by  reason  of  their  occurring  only  in  limbed  quantity  or  as  con- 
taining but  a  relatively  small  amount  of  nickel  or  cobalt,  are  ihe  following :  — Millflrit« 
or  nickel  sulphide,  a  rich  and  valuable  ore  of  nickel,  occurs 'Ui  small  grains  and  pris- 
matic crystals  disseminated  through  a  mixture  of  chrom^garnet  and  calcspar  in  a 
vein  on  the  east  side  of  Brompton  lake,  in  the  township  of  Orford,  Province  of  Quebec. 
It  is  also  reported  to  hare  been  observed,  in  the  form  of  prismatic  crystals,  disseminated 
through  certain  portions  of  the  iiickoliferous  ore  of  the  Copper  Cliff  mine,  in  the  town- 
ship of  HcKim,  district  of  Nipissing,  Ontario.  Erythrite  or  hydrous  cobalt  arsenate,. 
a  valuable  ore  of  cobalt  when  met  with  in  quantity',  is  mentioned  by  Dr.  Hunt  as. 
occurring  in  rose-red  incrustations  on  calcareous  spar  at  Prince's  mine  on  lake  Superior. 
Smaltite,  a  cobalt  arsenide,  was  observed  by  Mr  E.  B.  Kenrick  in  the  form  of  minutfr 
cryatals  in  a  sample  of  copper  pyrites  (brought  to  the  Survey  for  examination)  from 
the  township  of  McKim.  district  of  Nipissing,  Ontario.  A  sample  of  iron-pyrites  from 
the  seigniory  of  Daillebout.  Jolietto  county.  Province  of  Quebec,  was  found  by  Dr. 
Hunt  to  contain  0.55  per  cent,  of  oxide  of  nickel  (equivalent  to  0,43  nickel)  mixed  with 
-T    M.(ll) 
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cobalt,  and  a  brilliant  compact  variety  of  iron-pyrites  from  Eliiabethtown,  Leed; 
conlity.  Ontario,  yielded  him  from  O.S  to  0.6  per  cent,  oxide  of  cobalt  (equivalent  to 
0.39  to  0.47  cobalt),  whilat  a  sample  of  iron-pyrites  from  Loiidouderry.  Nova  Scotia,  wat 
found  by  me  (Rep.  Geol.  Surv.,  Can.,  1874-75,  p.  316)  to  contain  0.81  per  cent,  of 
cobalt  and  0.14  per  cent,  of  nickel." 

The  mineral  danaite  irns  found  some  years  ago  in  developing  nickeliferous  pyrrho- 
tite  on  the  north  half  of  tot  6,  concession  3  of  the  toirnship  of  Graham.  Specimeoa  of 
the  mineral  were  found  to  carry  about  4  per  cent,   of  cobalt. 

Cobalt  bloom  has  also  been  found  on  magnetite  at  the  Dominion  mine  and  at  the 
Cross  mine,  lot  2  in  the  second  concession,  in  the  township  of  Madoc,  Hastings  count;. 

In  the  western  part  of  the  Province  the  mineral  occurs  in  small  quantity  at  the 
southeast  corner  of  the  Bay  of  Islands,  Bad  Vermilion  lake. 

In  the  Report  of  the  Geologicai  Survey  for  1848^9,  page  61.  T.  Sterry  Hunt  h»s 
this  to  say  concerfirn'g''the  ore 'of' ifie^Wallae'e'  mine  at  the  inou'tli  of  the  White  Fisb 
river,  a  partial  ezamination  only  having  been  made  of  it:  — 

"The  specimen  was  a  mixture  of  a  steel  gray  arseniuret,  the  species  of  which  I  have 


Fig.  31.    La  Rose 

not  yet  determined,   with  white  iron  pyrites  and   probably   some  arseaio*!  anlphnrot  of 

The  percentage  of  cobalt  in   this  ore  was  slight,   only  a  fraction  of  one  per  OBDt., 
while  the  nickel  ran  about  eight  per  cent.     He  further  says: 

"The  Wallace  mine  ia  the  second  place  in  which  cobalt  has  been  detected  in 
Canada.  1  have  already  noticed  it  in  the  form  of  arseiiiate  of  cobalt,  forming  reddiih 
crusts  upon  calcareous  spar,  at  Prince's  location  on  lake  Suprrior,  In  this  locality  it  ii 
associated  with  vitreous  copper,  green  and  blue  malachite  and  native  ailver,  while  otlwr 
parts  of  the  same  vein  yield  native  silver,  vitreous  silver,  blende  and  copper  pyritet; 
in  this  connection  it  may  be  mentioned  that  a  mass  of  the  silver  ore  selected  by  myssW 
from  some  hundred.';  of  pounds,  as  an  a^ern^.e  aam^le,  (c.ave  on  assay  3.6014  per  cent,  of 
.5,.  „.  („) 
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silTer,  equal  to  72  lbs.  to  the  ton  of  ore.  A  portion  of  the  silyer  extracted  by  a  furnace 
assay  from  this  ore  was  found  on  examination  to  contain  a  small  portion  of  gold  amount- 
ing to  about  one  part  in  7,000  of  silver.'' 

Speaking  at  this  early  date  Hunt  made  the  remark  which  after  the  lapse  of  a 
lifetime  reads  like  a  prophecy :  *  'The  detection  of  a  small  portion  of  cobalt  in  associa- 
tion  with  these  metals  upon  the  shores  of  lake  Huron  should  lead  us  to  look  for  deposits 
of  this  rare  and  valuable  material. '* 

FOREIGN  COBALT  DEPOSITS 

Qermany  and  Austria 

Known  deposits  of  cobalt-silver  ore  in  other  countries  which  resemble,  most  closely, 
those  in  the  vicinity  of  Cobalt  station,  are  found  in  Germany  and  Austria.  The  two 
principal  areas  in  these  countries  are  those  of  Joachimsthal  and  Annaberg.  Mining 
was  begun  in  the  former  at  the  end  of  the  fifteenth  or  in  the  early  part  of  the  six- 
teenth century.  The  deposits  of  the  latter,  it  is  said,  were  discovered  in  1492,  a  year 
which  possesses  special  interest  for  inhabitants  of  this  continent,  for  then  Christopher 
Columbus  first  sighted  its  shores. 

The  ores  of  these  two  regions  are  similar  to  those  of  Ontario,  and  include  com- 
pounds of  cobalt,  nickel,  bismuth  and  silver,  with  the  ore  of  uranium,  which  has  not 
been  found  in  the  Ontario  deposits.  With  these  are  silver  ores  of  various  kinds.  The 
rocks  belong  to  the  older  systems,  but  are  different  in  composition  from  those  of  Cobalt. 

An  outline  of  the  history  of  the  cobalt  industry  at  Schneeberg,  another  German  area 
which  contains  ores  similar  to  those  of  Cobalt,  Ontario,  is  given  in  the  appendix  to  this 
report. 

At  Joachimsthal,  in  Bohemia,  there  is  a  series  of  mich  schist,  calc  schist  and  lime- 
stone which  is  cut  through  by  dikes  of  basalt.  The  veins  are  said  to  be  older  in  age 
than  the  diabase  and  cut  all  of  the  other  rocks  mentioned.  The  veins  are  narrow  and 
contain  quartz,  hornstone,  calcite  and  dolomite  as  gangue  material,  and  they  often 
show  a  brecciated  structurei^.  The  minerals  in  these  ores  are  embraced  in  the  following 
list :  — 

(1)  Silver  ores  (native  silver,  argentite,  polybasite,  stephanite,  tetrahedrite,  prous- 

tite,   pyrargyrite,  sternbergite,  argentopyrite,  besides  *  rittingerite,  acanthite 
,     and  cerargyrite). 

(2)  Nickel  ores  (niccolite,  chloanthite,  millerite). 

(3)  Cobalt  ores  (smaltite  as  well  as  bismuth-bearing  linnseite  and  asbolite). 

(4)  Bismuth  ores  (native  bismuth  together  with  bismuthinite  and  bismuth  ochre). 

(5)  Arsenic  ores  (native  arsenic,  arsenical  pyrites). 

(6)  Uranium  ore  (uraninite  or  pitchblende). 

With  these  are  galena,  sincblende,  pyrite,  marcasite,  copper  pyrites  and  others. 

Among  these  ores  those  of  cobalt  and  nickel  are  generally  the  older ;  those  of  silver 
the  younger.  The  reins  cut  through  dikes  of  quartz-porphyry,  and  are  in  turn  cut 
across  by  basalt  and  later  dikes. 

Of  similar  composition  to  those  of  Joachimsthal  are  the  veins  of  Annaberg  in 
Saxony.  In  this  neighborhood  the  rock  is  gray  gneiss.  There  are  two  groups  of  veins 
in  the  district,  the  younger  carrying  the  silver-cobalt  ores.  These  are  the  most  impor- 
tant of  the  ore  bodies.  The  gangue  material  is  chiefly  heavy-spar,  fluor-spar,  quartz 
and  brown-spar  with  various  cobalt,  nickel  and  bismuth  ores,  namely;  chloanthite, 
smaltite,  red  and  white  nickel  pyrites,  annabergite,  native  bismuth,  rarely  bismuthinite. 
Of  the  silver  ores  there  are  pyrargyrite,  proustite,  argentite,  native  silver,  silver 
chloride,  and  finally  iron  pyrites.  The  subordinate  minerals  are  the  gangue  materials, 
hornstone,  chalcedony,  amethyst,  calcite,  aragonite,  kaolin,  gypsum;  among  ores  are 
copper  pyrites,  galena,  zincblende,  marcasite,  tetrahedrite,  siderite,  uraninite,  uran- 
ochalcite,  uranochre,  gummite,  native  arsenic. 

"Beck :  *'  Tlie  Nature  of  Ore  Deposits." 
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The  great  amount  of  chloride  of  silyer,  which  was  mined  on  a  large  scale  at  one 
time,  is  interesting.    The  structure  of  the  veins  is  irregular. 

From  more  than  200  observations  which  have  been  made  the  following  is  given  as 
the  relative  ages  of  the  various  minerals  of  the  Annaberg  veins :  — 

V.  Decomposition  products,  for  example,  annabergite  and  cobalt  bloom. 

IV.  Silver  ores  and  native  arsenic. 

III.  Calcite  and  uraninite. 
II.  Brown-spar  and  cobalt-nickel-bismuth  ores. 
I.  Heavy-spar,  fluor-spar  and  quarts. 

The  silver-cobalt  veins  cut  across  the  older  tin  and  lead  veins  of  the  district  as 
well  as  the  dikes  of  microgranite  and  lamprophyre.  The  latter,  especially,  is  often  cut 
by  the  silver-cobalt  veins.  These  are  cut  by  basalt,  which  occurs  not  only  in  true 
dikes,  but  also  in  boss-like  forms. 

Somewhat  similar  silver-cobalt  ores  are  found  in  certain  veins  at  Schneeberg,  but 
they  are  not  so  strikingly  like  those  of  Temiskaming,  in  mineral  composition,  as  are 
those  of  Joachimsthal  and  Annaberg. 

A  like  association  of  ores  is  found  at  Wittichen,  where  the  veins  occur  in  granite. 

In  1904  only  one  cobalt-silver  mine  in  Germany  had  a  production  worth  consideration. 
This  is  in  the  Schneeberg  field.  Its  output  was  valued  at  about  $132,147.  The  values 
were  in  silver,  cobalt,  nickel,  bismuth,  arsenic,  uranium,  samples,  etc.  The  works  in 
which  these  ores  are  treated  in  Germany  are  at  Schneeberg  and  are  known  as  the  "blue 
color  works. '^  Both  the  government  and  private  companies  are  interested  in  the 
industry  (See  appendix). 

According  to  Von  Cotta,  the  Joachimsthal  district  consists  of  mica  schist,  together 
with  more  or  less  hornblende  schist  and  crystalline  limestone,  the  whole  being  cut  by 
numerous  dikes  of  quarts-porphyry  and  basalt.  There  are  also  two  large  granite  masses 
which  rise  out  of  the  mica  schist.  There  are  lodes  of  tin,  silver  and  iron.  Tin  lodes  are 
found  only  in  the  granite  region.  Silver  lodes  are  divided  into  four  groups  tolerably 
distinct  from  one  another.  One  set,  which  has  a  strike  in  a  certain  direction,  contains 
about  17 ;  another  set  has  21  lodes.  There  are  also  lodes  which  do  not  come  to  the 
surface.  Both  classes  of  lodes  are  said  by  Von  Cotta  to  intersect  the  mica  schist,  with 
all  its  subordinate  strata,  quartz-porphyry  and  often  even  the  dikes  of  basalt  and 
wack^.  This  author  also  says  that  there  seem  to  be  cases  where  dikes  of  the  last  have 
intersected  lodes  or  have  penetrated  into  their  fissures,  from  which  it  may  be  deduced 
that  the  silver  lodeo  were  almost  contemporaneous  with  the  formation  of  the  basalt 
in  that  their  fissures  in  part  follow  the  basalt  dikes,  in  part  are  intersected  by  the  basalt. 
At  all  events  they  stand  in  a  certain  genetic  connection  to  the  porphyry,  which 
here  is  evidently  of  much  greater  age  than  the  basalt.  The  subject  is  still  somewhat 
obscure.  The  silver  lodes  have  not  yet  been  found  in  the  granite.  Other  writers  do 
not  agree  with  Von  Cotta,  as  they  appear  to  claim  that  the  basalt  is  younger  than  the 
veins. 

•  The  following  notes  are  taken  from  Phillips'  **Ore  Deposits,'*  p.  436.  The  moun- 
tains known  as  the  Erzgebirge  lie  on  the  boundary  between  Saxony  and  Bohemia. 
•Toachimsthal  lies  on  the  Bohemian  side,  and  is  therefore  an  Austrian  town,  while  Anna- 
berg is  in  Saxony. 

The  country  rock  in  the  neighborhood  of  Joachimsthal  is  for  the  most  part  mica 
schist  enclosed  between  masses  of  granite.  In  the  eastern  portions  of  the  mine  where 
there  are  some  masses  of  included  limestone,  the  lodes  usually  carry  calcite  as  the  pre- 
dominating veinstone,  but  in  the  western  part  where  the  veins  are  not  infrequently 
associated  with  dikes  of  porphyry,  the  gangue  is  almost  entirely  quartzose.  There  are 
seventeen  veins  striking  north  and  south  and  seventeen  others  of  which  the  direction  i* 
east  and  west.  It  has  been  constantly  observed  that  the  former  exhibit  a  tendency  to 
become  enriched  where  they  pass  through  the  porphyry  or  included  limestone,  while  the 
latter  set  of  veins   are  not  similarly   aftecled  tiWtv  t\vfty   come   in  contact  with  these 
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rocks.  Thp  ores  raised  contained  raluee  in  silrer,  cobslt,  nickel,  bUmuth  and  iirBniiim. 
In  the  eastern  division  of  th«  mine  there  are  two  shafts  sitnated  about '260  fathonw 
apart,  the  Einigkeit'a  shaft  and  the  Kaiser  Joaef  shaft  (Fig.  32). 


Pig. 

showing;  several  niirrow  vei 
tonte,  size  and  dititriliution 


I  thmiiKiL  the  Kiiiser  ioi-vi  niid  1-^itiigkeit  ehaftci  ar  Jnachimsthal 
'  iKung),  iind  ilikpH  of  tliiibaee  (Bt .  The  voins  in  mineral  con- 
fen  i  bio  Ihone  of  CVilMilt,  Out.     (After  Kal»am'k-B(>ck). 


In  1S64  ivhen  the  former  sliaft  had  reached  ii  depth  of  '-'80  fathoms,  a  heavy  out- 
biimt  of  water,  at  a  temperature  of  26  C.  and  evolving  sulphuretted  hydrogen,  took 
place  and  greatly  interfered  with  underground  oporations.  It  took  two  year*  before 
this  water  could  be  successfully  tvibbed  off  and  mining  procppded  with. 

It  is  interesting  to  know  that  the  uranium  ores  of  Joachimsthal  took  on  an  additional 
ralue  two  or  three  years  ago,  when  it  was  found  that  uraninite  was  the  chief  commer- 
cial source  of  radium. 

The  character  of  tht-  ore  produced  will  he  si'cn  from  the  following  statement  made 
by   Phillips:  — 

Daring  the  period  from  1877  to  1880  there  were  obtained  29}  tons  of  ore,  containing 
4,497  OK.  of  silver.  198  lbs.  bismuth,  H78  lbs.  uranic  oxide.  1\  tons  arsenic  and  314  lbs. 
of  cobalt-nickel  with  a  little  lead,  representing  a  total  value  of  £1,687. 

"About  this  time  it  became  evident  that  the  urnnie  oxide  was  the  most  valuable 
product  of  these  mines,  and  workings  were  especially  directed  to  develop  the  minerals 
yielding  it.  From  1381  to  1886  the  average  annual  production  was  .38  tons  of  silver 
and  uranium  ores,  worth  about   £6,.';20." 

It  is  thus  seen  that  these  JoachimsthnI  veins,  during  late  .vears  at  least,  cannot  be 
rnmpared  in  richness  with  those  of  the  Temiskaming  district. 

Chalanches,  France 

Somewhat  similar  silver,  cobalt,  and  nickel  ore«  occur  in  a  network  of  narrow  veins 
in  crystalline  schist  at  the  Chalanches.  in  the  Dauphine.  Franco.  These  deposits  were 
discovered  in  1767  and  have  had  an  interesting  history.  They  were  described  some 
years  ago  by  Mr.  T.  A.  Rickard  (Trans.  Am.  Inst.  M.  E.  Vol.  XXIV.) 

The  following  extracts   are   from  Mr,   Rickard's  interesting  paper: 

"In  southeastern  France,  among  the  magnificent  Alpine  masses  of  the  Dauphinj, 
there  is  a  group  of  eelebrsted  mine^  of  silver,  nickel  and  cobalt  ores,  the  deposits  of 
which  present  many   features  of  interest 

"The  diaccrvery  of  these,  as  of  many  other  notable  mines,  was  accidental.  In  1767, 
Marie  Payen,  a  shepherdess  (berg6re)  of  Allemont,  found  &n  Q\i\.cTQp  q\  ^^-^^t  <n«>  «.^^ 
brought  away,  in  ignorant  curiosity,  n  lump  of  heaTj  atone,  w\i\<;'Vi  sVe  VaTv&*i  ^  "** 
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Tillage  smith.      When    tested    on    his   forge,  the   molten   silrer   trickled    from   it.      The 

ahepherdoBS  received  600  franca  upon  her  wedding  day  as  a  rensrd  for  the  discorery.    . 

"The   record  of  the   Chalanches  preaente  a   story  similar  to  that  which   is   told   of 

mines   in  more  modern   mining   districts.      The   inaccessibility  of   the   mine)'   in  winter, 


Fig.  33.  Cobalt  Station,  June,  1906. 
the  richneas  of  the  ore,  its  great  faeibility,  and  the  consequent  systematic  robbery  of 
the  silrer  ar«  local  commonplaces.  Gircu instances  all  worked  together  to  maks  the 
Chalanches  mines  the  prey  of  the  most  barefaced  plunder.  With  the  aid  of  a  common 
forge-fire,  even  without  the  tnterrention  of  a  crucible,  and  with  little  knowledge  or 
skill,  lumps  of  silver  could  be  produced  from  the  very   rich  chlorides,   ruby   silver   and 


black  s 


Fig.  34.  PhyHioian's  oflk-e,  Cobalt,  July,  1905. 
sulphides  which  constituted  in  the  main  the  soft  earthy  ores  or  terret  fonnd  in 
the  crevices  of  the  outcrop.  Aged  inhabitants  still  talk  sportively  of  the  theft  liks 
old  smugglers  and  point  out  nooks  in  the  woods  which  the  remaining  ruins  of  the  littl* 
furnaces  dug  out  by  the  miners,  show  to  have  been  the  scenes  of  former  iHidt  ul^V' 
ore  smelting.     In   these  furnaces,  no  Urser  thnn  an  ordinary  fire-place,  dug  in  ^* 
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earth  and  smeared  with  clay,  with  charcoal/ or,  failing  that,  clods  of  dung  for  fuel, 
and  two  or  three  little  urchins  to  blow,  like  cherubs  on  the  old  maps,  out  trickled  the 
white  metal.  Clergy  and  people  joined  cheerfully  in  these  moonlighting  operations 
without  in  any  degree  shocking  local  ethics.  The  priest  at  Allemont,  who  lately  restored 
the  parish  church,  says  that  the  old  church  had  a  room  adjoining  the  sacristry  in  which 
a  former  reverend  father  used  to  melt  down  silyer-ore  brought  to  him  by  the  faithful. 
The  slags  were  concealed  in  an  excavation  under  the  floor,  where  a  large  accumulation 
of  them  was  found  when  the  church  was  restored 

"DiTring  the  earliest  period  of  mining  at  the  Chalanches,  some  bodies  of  extremely 
rich  ore  were  found  near  the  surface.  It  is  said  that  two  shots  produced  sufficient  silver 
to  pay  for  the  two  buildings  known  as  the  pavilions  of  Allemont,  with  their  various 
ornamentations,  including  the  fievrs^e-lia  which  still  adorn  the  roof.  As  200  to  300 
IdloB.  of  silver  would  at  that  time  be  worth  from  $10,000  to  $16,000,  this  statement  does 
not  seem  incredible 

"It  is  not  a  little  remarkable  that  although  the  silver  is  always  associated  in  the 
lodes  with  rich  nickel  and  cobalt  ores,  often  with  bunches  of  stibnite,  and  more  rarely 
and  erractically  with  gold,  the  government  engineers  took  no  notice  of  any  metal 
other  than  silver.  None  of  the  valuable  metals  mentioned  figure  in  the  old  accounts. 
The  speiss  containing  nickel  and  cobalt  was  rejected  with  the  slags,  and  went  to  fill 
the  swamps  and  to  form  the  road-beds,  which,  in  later  times  were  furrowed*  and  turned 
over  to  recover  their  valuable  contents 

''The  possibility  of  utilising  three  metals  instead  of  one  seems  to  have  dawned 
open  the  engineers  quite  as  a  discovery;  and  this  fact  stimulated  the  repeated  spas- 
modic attempts  to  rehabilitate  the  old  mine.  The  arsenides  of  nickel  and  cobalt  were 
sold  in  England  and  Germany.  More  recently,  a  German  chemist  was  employed  at 
Allemont  in  an  experiment  to  manufacture  cobalt  pigments  for  the  arts.  He  was  not 
successful,  and  the  attempt  was  abandoned. 

"In  1891  the  gold  value  was  first  recognized.  Its  importance  proved  greater  from 
a  scientific  than  from  a  commercial  point  of  view.  The  old  mine-workings,  aggregating 
20  kilometers  in  length,  showed  that  a  great  deal  of  unsuccessful  exploration  had  been 
carried  out.  Search  among  the  galleries,  particularly  near  the  surface,  resulted  in 
the  finding  of  certain  rich  bunches  of  ore,  which  were  soon  exhausted.  An  attempt 
to  introduce  the  tribute  or  lease  system  was  made,  with  partial  success 

The  Ore  Deposits 

"The  geological  formation  is  simple.  A  net  work  of  veins  traverses  crystalline 
schists  of  very  variable  character.  The  country  forms  a  part  of  the  great  crystalline 
formation  usually  referred  to  as  the  Archaic  schists  of  the  Alps,  though  in  point  of 
fact  they  probably  include  rocks  from  the  granite  up  to  the  Carboniferous.  Litholog- 
ically,  certain  sections  suggest  the  Huronian  and  Laurentian.  These  schists  lie 
immediately  upon  the  granite;  they  are  extremely  variable  in  character,  so  that  at 
different  places  they  can  be  described  as  gneissose,  granitoid,  talcose,  micaceous, 
;;raphitic,  or  amphibolic.  At  the  base  of  the  slope  leading  to  the  mines  there  are 
"iuperb  blocks  of  rock  containing  crystalline  epidote 

"The  maps  of  the  mine  exhibit  a  wonderful  network  of  galleries,  spreading  like 
%  cobweb  over  an  area  of  about  600  by  300  meters. 

"It  is  computed  that  the  workings  aggregate  in  length  not  less  than  twelve  miles, 
an  extent  in  remarkable  contrast  to  the  relatively  small  quantity  of  ore  produced.     .     . 

"It  has  been  thought  by  several  observers  that  the  lodes  were  more  numerous  near 
the  surface  than  in  the  interior  of  the  mine.  This  is  due  to  the  fact  that  any  single 
Assure,  in  approaching  the  surface,  spreads  itself  out  into  a  number  ol  subordinate 
Fractures.  It  has  also  appeared  that  the  lodes  gained  in  regularity  as  they  penetrated 
bhe  mountain.  Caillaux,  therefore,  adds  that  this  fact  seems  to  indicOitA  l\v^  ^t^^^^ 
occurrence  in  depth  of  only  a  small  number  of  lodes  but  t\\at  Wosc^  ?,wTT\^\tv^  ^'^V^-^^ 
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a   regularity   greater  thnn    those   which   have   been    hitherto  exploitod.      Regularity   of 

•tructure  would  be  a  poor  componsatioii  to  thp  miner  for  the  fact  tliat  the  eaclosiDg 

rock  is  much  harder,  and  the  thickness  of  ore  smaller,  than  in  the  Rroiind  nearer  the 
daylight. 


Kit;.  :m;.     CiLiuiiiiiiii  Hiink  i.f  (■..iijiiiit,c.  ('..l«il,  November,  1005. 
"Thf  7(irL>  viiry   in   uiilth  from  u  knife-blade  to  80  centimeters  (31.5  inches);  thfir 
jsiial  thicknrKt;  lies  bi'twd-ti  3  and  :tO  crntitnenterE  (0.1  to  1  foot) 
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' 'Examination  of  the  old  workings  proves  clearly  that  with  increasing  distance  from 
the  surface  the  country  gets  harder,  the  yeinstuff  loses  its  soft  character,  the  veins 
become  fewer  in  number,  more  regular,  less  wide  and  less  ore-bearing.  Approaching 
the  surface,  on  the  contrary,  the  schists  are  fractured  in  a  multiplicity  of  directions, 
the  veins  become  larger,  their  filling  is  generally  earthy  and  they  throw  off  branches,  at 
the  intersections  of  which  ore  bodies  are  found.  In  general,  mineralization  becomes 
more  pronounced  with  approach  to  daylight ;  this  being  due,  not  merely  to  the  oxidation 
of  the  sulphides  but  to  an  actual  relative  increase  of  'orey'  matter. 

''The  observations  made  from  day  to  day  led  me.  to  conclude  that  the  richest  part 
of  the  mine  was  that  which  was  within  the  influence  of  oxidation,  and  that  both  chemical 
agencies  and  structural  conditions  favored  an  enrichment  of  ore  near  the  surface.    This 
statement  is  particularly  applicable  to  the  silver  contents.     It  also  holds  true  of  the. 
Kold,  but  it  is  less  accurate  with  respect  to  the  nickel  .and  cobalt.     The   richness   in 
silver  of  the  oxidized  ores  suggests  secondary  precipitation.     This  is  confirmed  by  the 
fact  that  the  silver  appears  to  be  thrown  down  upon  the  nickel  and  cobalt  arsenidellB. 
and  often  envelops  them  in  such  a  way  as  to  impart  to  them  the  rudiments  of  a  nodular 
structure.     The  <hard,   undecomposed  arsenides  contain  only   small   amounts   of   silver. . 
The  gold,  only  occasionally  present,  is  associated  invariably  with  soft,  maroon-colored,  ,> 
earthy,  iron-bearing  vein  stuff.     The  nickel  and  cobalt  minerals  appear  to  be  primary  ^ 
ones,  and  are  more  persistent  than  those  of  silver  and  gold 

"If  we  accept  the  current  theory  that  the  nickel  and  cobalt  came  from  the  leaching 
of  magnesian  silicates,  (and  facts  are  numerous  pointing  that  way),  then,  we  mutot 
conclude  that  the  origin  of  the  nickel  ana  cobalt  of  the  Chalanches  was  not  the  imme- 
diately enclosing  country,  but  rooks  similar  to  it,  which  underlie  it  at  a  greater  depth. 
The  silver  and  gold,  it  may  be  suggested,  were  precipitated  from  other  solutions,  and 
at  a  period  other  than  that  which  saw  the  deposition  of  the  nickel  and  cobalt.  The 
precious  metals  were  probably  derived  from  a  deeper-seated  source;  and  may  have  been 
leached  from  the  granite  which  underlies  the  schists  and  is  penetrated  by  the  basic  [ 
«>ruptives.  In  both  cases  the  various  metals  must  have  come  from  a  depth  where ; 
leaching  action  was  powerful,  and  from  which  ascending  currents  brought  the  metallic 
constituents,  the  subsequent   precipitation    of   which  produced  valuable   ore-deposits." 

Norway 

"The  cobaltiferous  fahlbands  of  the  districts  lying  around  Skutterud  and  Snarum 
occur  in  crystalline  rocks  varying  in  character  between  gneiss  and  mica  schist,  but  from 
the  presence  of  hornblende  they  sometimes  pass  into  hornblende  schists.  These  schists, 
of  which  the  strike  is  north  and  south  and  which  have  an  almost  perpendicular  dip, 
contain  fahlbands  very  similar  in  character  to  those  of  Kongsberg.  They  differ  from 
those  of  that  locality,  however,  in  as  much  as  while  here  the  fahlbands  are  often  sufB- 
ciently  impregnated  with  ore  to  pay  for  working,  those  of  Kongsberg,  although  to 
some  extent  containing  disseminated  sulphides,  are  only  of  importance  as  zones  of 
enrichment  for  ores  occurring  in  veins.  The  ore  zones  usually  follow  the  strike  and 
dip  of  the  surrounding  rocks  and  vary  in  breadth  from  2^  to  6  fathoms.  The  distribution 
of  the  ores  is  by  no  means  equal,  since  richer  and  poorer  layers  have  received  special 
nftmes  and  are  easily  recognized.  The  predominant  rock  of  the  fahlbands  is  a  quartzose 
l^ranular  mica-schist  or  gneiss.  The  ores  worked  are  cobalt-glance,  arsenical  and  ordi- 
nary pyrites  containing  cobalt,  skutterudite,  magnetic  iron  pyrites,  copper  pyrites, 
molybdenite  and  galena.  It  is  remarkable  that  in  these  mines  nickel  ores  do  not 
accompany  the  ores  of  cobalt  in  any  appreciable  quantity.  The  principal  fahlband  is 
known  to  extend  for  a  distance  of  about  six  miles,  and  is  bounded  on  the  east  by  a 
mass  of  diorite  which  protrudes  into  the  fahlband,  while  extending  from  the  diorite  are 
small  dikes  or  branches  traversing  it  in  a  zig-zag  course.  It  is  also  intersected  by  dikes 
of  coarse-grained  granite  which  contain  no  ore,  but  which  penetrate  the  diorite." u 


M.  Phillips,  Ore  Depoflits. 
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Th«se  depositfl,  which  at  one  time  wer 
s  too  low  grade  to  be  now  worked  at  i 


I  unong  the  « 


New  Caledonia 

As  the  table  given  below  showa,  there  hare  been  daring  late  jears  about  half  • 
dosen  coantries  supplying  the  world  with  cobalt.  The  output  of  New  Caledonia  ia  much 
larger  than  that  of  any  other  country.  It  produces  probably  SS  or  90  per  cent,  of  the 
will  Id's  lupply. 

Since  the  ore  from  Ontario  haa  been  put  on  the  market  the  prices  seem  to  bare 
fallen  materiallf  in  New  Caledonia.  It  seems  strange  that  Ontario  ehonld  be  practically 
the  only  competitor  which  this  French  penal  colony,  in  the  southern  Pacific,  has  in 
both  nickel  and  oobalt.  The  rivalry  between  the  two  countries  in  the  production  of  the 
former  metal  has  attracted  attention  for  a  number  of  years.  It  b  now  the  more  sur- 
prising that  this  Province  becomes  a  competitor  with  the  island  in  another  way. 


Fig-  37.      Imperial  Bank,  Cobalt,  November,  1905. 

The  cobalt  deposits  of  New  Caledonia  occur  under  similar  conditions  to  those  ot 
nickel  and  the  two  metals  are  frequently  associated  in  economic  quantities.  The 
deposits  of  the  two  metals  in  Ontario,  on  the  other  hand,  occur  under  conditions  different 
Irom  those  of  New  Caledonia,  and  there  appears  to  be  little  connection  between  tbe 
cobalt  deposits  of  Temiskaming  and  the  Sudbury  nickel  ores  ninety  miles  to  tbe  sonth- 
west.  The  Sudbury  ore  consists  of  pyrrhotite  and  copper  pyrites.  It  is  associated  with 
basic  igneous  rocks,  the  deposits  being  supposed  to  be  of  igneous  origin.  The  cobalt- 
silver  deposits,  on  the  other  hand,  occur  in  distinct  veins  and  are  of  aqueous  origin. 
New  Caledonia  is  a  no n -glaciated  country.  Over  a  considerable  part  of  its  surface 
I  immediately  underlying  solid  rock  belongs  to  the  basic  igneous  group  known  as 
ie  varieties,  weathers  readily,  and  over  a  large  part 
s  represented  by  its  alteration  product,  serpentine, 
-e  or  less  broken  down,  forming  comparatively  loose 
iciation  with   these  that  the  cobalt  ia  found. 


peridotite.  Tliia  rock,  like  other  bas 
of  the  siirfacp  of  New  Caledoni.i  it  : 
The  surface  of  this  serpentine  is  mo 
or  slightly  coherent  deposits. 


a  being  what  is  known  as  asbolite.  earthy  cobalt  or  cobaltiferous  wad.     Asbolite  it 
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mixture  of  oxides  of  cobalt,  manganese  and  other  metals.  It  can  hardly  be  called  a 
Istinct  mineral.  It  has  been  proved  that  the  cobalt,  nickel  and  other  metals  found  in 
da  decomposed  rock  were  originally  constituents  of  the  peridotite. 

The  peridotites  are  believed  by  some  writers  to  be  post-Cretaceous  in  age,  and  are 
kid  to  be  in  the  form  of  a  surface  flow  covering  the  uneven  or  eroded  surface  of  the 
aderlying  Cretaceous  strata. 

They  constitute  the  great  serpentine  formation  of  New  Caledonia,  and  are  high  in 
.agnosia  and  low  in  iron.  They  are  more  or  lees  charged  when  fresh  with  crystals  of 
froxene,  uniquely  ferro-magnisian,  which  lies  between  enstatite  and  broneite.  The 
aftltered  rock  belongs,  therefore,  in  Rosenbusch's  classification,  to  harsburgite.  Dunite, 
hioh  is  composed  of  olivine  with  chrome  iron  ore  and  without  pyroxene,  is  met  with 
:  times.  These  peridotites  usually  show  traces  of  advanced  alteration  which  results 
I  the  more  or  less  complete  transformation  of  olivine  to  serpentine,  and  in  the  develop- 
ent  of  talc  from  pyroxene.  At  times  the  alteration  is  complete  enough  to  produce 
arfect  serpentines,  uniquely  constituted  of  an  aggregate  of  crystals  of  antigorite  with 
»me  films  of  talc. 

Since  these  rocks  always  contain  a  little  manganese,  nickel  and  cobalt,  it  would 
[>pear  that  these  metals  are  integral  of  the  olivine  as  well  as  of  the  enstatite.  Grains 
'  chrome  iron  ore  are  abundant  in  all  samples. 

The  rocks  are  often  traversed  by  dikes,  less  basic,  of  the  character  of  gabbro,  that 
to  say,  rocks  which  contain   feldspar  and  pyroxene.     Diorites  fine  in  grain  or   at 
mes  holding  large  crystals  of  hornblende  sometimes  outcrop  in  the  middle  of  terpen- 
ne  exposures. 

Much  of  the  mineral  mined  appears  to  contain  only  two  or  three  per  cent,  of  oxide 
:  cobalt.  After  washing,  it  averages  probably  i}t  per  cent.  In  one  deposit  described 
f  Glasser,  it  is  said  that  the  decomposed  material  occupies  a  profound  depression 
I  the  serpentine.  This  basin  is  filled  by  a  red,  clay-like  deposit  which  has  a  depth  of 
>out  52  metres  in  the  centre  and  10  or  12  metres  around  the  border.  The  richest  ores 
>pear  to  occur  near  the  centre  of  the  basin  and  near  the  contact  of  the  serpentine. 

It  will  be  seen  that  all  the  cobalt  deposits  are  irregular  in  form,  and  hence  it  is 
.fficult  to  estimate  their  value. 

The  cobalt  ore  is  all  exported  in  the  unrefined  state. 

The  metal  comes  on  the  market  in  the  form  of  oxide,  CoO,  which  finds  use  in  small 
lantities  in  several  industries,  the  principal  being  that  of  pottery,  where  the  blue 
iloration  which  it  tends  to  give  to  the  ware  is  employed  to  counteract  the  reddish 
nge  that  traces  of  iron  so  often  produce.  It  is  also  used  to  color  porcelain,  enamels 
id  glass.  The  properties  of  metallic  cobalt  are  remarkable.  It  would  be  used  in 
leys  and  for  purposes  to  which  nickel  is  put  if  it  were  ps  low  in  price  as  the  latter 
etal.  The  different  uses  of  cobalt,  which  absorb  annually  about  200  to  260  tons  of 
cide,  guarantee  a  regular  demand  for  the  ore.M 

Mr.  A.  Glasser,  from  whose  * 'Report  in  1904  to  the  Minister  of  the  Colonies  on  the 
[ineral  Wealth  of  New  Caledonia"  the  foregoing  is  taken,  states  that  New  Caledonia 
IS  practically  a  monopoly  of  the  production  of  cobalt  in  the  whole  world.  He  further 
lys  that  while  the  deposits  of  the  mineral  are  capricious  they  are  at  the  same  time 
amorous  and  extended. 

This  monopoly  has  now  been  broken  by  the  discovery  of  the  Ontario  deposits. 

At  the  time  of  Mr.  Glasser^s  visit  to  the  colony,  the  prices  paid  for  cobalt  ore  were 
)out  as  follows :  — 

Mineral  with  4  per  cent.  CoO  330  Fr.  a  ton  ($66) 

Mineral  with  3  to  3^  per  cent,  was  paid  on  the  same  basis, 
145  fr.  and  with  an  increase  of  .60  fr.  for  each  1-10  of 
1  per  cent.,  above  195  Fr.  a  ton 


14  It  may  be  added  that  the  method  of  manufacturing  blue  cobalt  glass  has  been  known  almost  from  pre 
itoric  times,  as  the  glass  has  been  found  in  the  graves  of  the  ancient  Egyptians  and  In  the  ruins  of  Troy. 
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From  4  to  6  per  cent.,  for  each  1-10  of  1  per  cent,  above 

4  per  cent.,  there  was  paid  80  Fr. 

From  5  to  6  per  cent.,  for  each  1-10  of  1  per  cent,  in  excess 

of  6,  was  paid  90  Fr. 

From  6  to  7  per  cent.,  for  each  1-10  of  1  per  cent,  above  6,  was 

paid   1.       Fr. 

Above  7  per  cent.,  for  each  1-10  of  1  per  cent.,  was  paid....     1.50  Fr. 

On  this  basis  mineral  carrying  8  per  CjBut.  brings  750  Fr.  ($150)  a  ton. 

Production  of  Cobalt  1896  to  1900 


Country. 


1896. 


1897. 


1898. 


1899. 


19i0. 


Tons. 


New  Caledonia... 
New  South  Wales 

Chili 

Spain 

Norway 

Prussia 


4.823 


18 

19 

181 


Value. ,  Tons. 


francs 
482.300 


9.000 
1:1500 
49,340 


4,757 


6 
13 
24 

121 


Total 


5.051 


554,140'       4,921 


Value,  i  Tons.     Value.      Tons.  ;  Value.  1  Tons.     Value. 


francs  ■  .  francs  \ 
475.700}       2.873    237.800!       3,294 
:          119      14,0001  193 


780 
17.000 
13.500 
31,2«0 


538,266 


18 


4,540; 


2li      10.800| 
34;       8,500i 


55 


2.665    276.140        3,559 


francs 
336.000 
22,976 
20.450 


4,250 


383,675 


I  francs 

2,43S;  275,500 

1451  39.750 

27  10.060 

****8b6 


2.614 


326.110 


1  franc=20  cents. 


This  total  was  augmented  by  some  tons  of  complex  mineral  mined  in  different 
parts  of  Germany  and  Austria,  from  which  a  little  cobalt  was  produced. 

Taking  the  world's  consumption  of  cobalt  oxide,CoO,  at  200  to  250  tons  a  year,  as 
given  above,  the  2,614  tons  of  ore  produced  in  1900  would  need  to  contain  on  the  average 
over  8  per  cent,  of  the  oxide.  The  price  of  the  ore  averaged,  as  shown  by  the  t^ble, 
approximately  125  Fr.  or  $25  a  ton.  It  may  be  added  that  cobalt  oxide,  CoO,  contains 
78.66  per  cent,  of  cobalt  and  21.34  per  cent,  of  oxygen  by  weight.  The  Temiskaming 
ore  is  sold  on  the  basis  of  metallic  cobalt,  not  on  that  of  the  oxide  as  in  New  Caledonia. 

New  South  Wales 

The  second  largest  producer  of  cobalt  in  the  world  has  been  New  South  Wales. 
The  deposits  in  this  country  are  situated  near  Port  Macquarie  and  are  similar  in 
character  to  those  of  New  Caledonia. 

In  1903  the  quantity  of  eobalt  ore  exported  from  the  deposits  near  Port  Macquarie 
amounted  to  153  tons  valued  at  £1,570. 

South  Australia 

Cobalt  ore,  containing  smaltite  and  other  minerals,  is  found  at  Bimbowrie.  near 
Clary,  on  the  Broken  Hill  line,  but  little  work  has  been  done  on  the  deposit. 


South  Africa 

While  silver  has,  as  we  have  seen,  been  worked  in  association  with  cobalt,  the  latter 
metal  has  been  very  seldom  found  in  association  with  gold  in  important  quantities. 
Reference  to  only  one  such  occurrence  has  been  seen  by  the  writer.  This  is  in  the 
Middleburg  district  in  the  northern  Transvaal.  Here  in  this  non-glaciated  district  the 
gangue  material,  in  the  vein  to  which  reference  has  been  made,  is  kaolin,  with  which 
is  mixed  Rold-bearing  quartz.  In  the  latter  mineral  are  small  nest-like^  aggregations 
of  smaltite  and  copper  ores,  and  at  times  molybdenite  and  the  secondary  minerals  cobalt 
bloom.  limonite  and  skoradite. 
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United  States 

Up  to  the  present  time  there  has  been  more  or  less  production  of  cobalt  oxicke  in 
the  United  States.  Some  of  this  came  from  the  cobalt  associated  with  the  nickel  ores 
at  Sudbury,  Ontario.  In  the  process  of  smelting,  which  is  now  used  at  Sudbury,  the 
M>balt  is  slagged  out  of  the  matte.  Hence  none  of  this  metal  will  be  produced  in  the 
Future  from  Sudbury  matte  in  the  United  States.  According  to  the  ''Mineral  Indus- 
try," in  1902  there  was  no  production  of  cobalt  oxide  from  domestic  ores  in  the  United 
States.  In  1901,  13,360  lbs.  of  cobalt  were  derived  from  slag  produced  in  the  smelting 
>f  the  lead  ores  at  Mine  La  Motte,  Missouri.  In  1903  cobalt  and  nickel  are  said  to 
have  been  discovered  near  Marion,  Kentucky,  in  association  with  the  fluorspar  in  that 
region.  In  the  same  year  the  Mine  La  Motte  Company  undertook  the  construction  of 
i  smelter  and  refinery  for  treating  the  nickel  and  cobalt  ores  obtained  in  connection 
with  lead  mining. 

It  is  said  that  a  few  years  ago  one  or  two  small  trial  shipments  of  cobalt  ore  from 
deposits  in  Grant  county,  Oregon,  were  made  to  France.  The  deposits  in  this  county 
are  described  as  occupying  fissures  in  a  dark  greenish,  more  or  less  altered  diabase- 
porphyry.  They  have  a  general  northeasterly  and  southwesterly  strike,  and  dip  souths 
omst.  The  ore  bodies  appear  to  be  more  or  less  lenticular  in  shape  and  vary  from  a 
Few  inches  to  several  feet  in  width.  The  principal  minerals  are  chalcopyrite,  smaltite, 
arsenopyrite,  pyrite,  pyrrhotite,  malachite  and  bomite  with  a  quarts  and  calcite 
gangue.  The  values  are  chiefly  in  gold,  cobalt  audi  copper.  Smaltite  from  a  sample 
of  the  ore  carrying  this  mineral  and  chalcopyrite  was  found  by  Mr.  Burrows  to  have 
the  following  composition  (No.  1).  This  smaltite  had  a  rather  unusual  appearance, 
resembling  somewhat  acicular  or  fine  columnar  stibnite.  In  composition  it  is  close  to 
that  from  Gunnison  county,  Colorado,  an  analysis  of  which  is  given  by  Dana  (No.  2). 

No.  1.  No.  2. 

Cobalt   14.88  11.69 

Nickel 1.12  trace 

Arsenic    64.06  63.82 

Sulphur   57  1.56 

Iron  11.14  16.99 

Insoluble    2.22  etc. 

Calcium  carbonate    6.34 

Total  100.33 

Mexico 

Cobalt-holding  minerals  have  been  found  at  several  localities  in  Mexico.  Little 
has.  however,  been  published  concerning  these  occurrences.  Near  the  village  of  Pihua- 
mo,  state  of  Jalisco,  cobalt  minerals  are  found  in  veinlets  cutting  a  large  vein  of  ma^ 
iietito  associated  with  pyrite  and  pyrrhotite.  The  chief  rock  in  the  vicinity  is  described 
as  andesite.  It  is  said  that  some  tons  of  ore  have  bedn  mined  which  contained  8  or  9 
l^r  cent,  of  cobalt.  The  minerals  are  cobaltite  together  with  small  quantities  of  smal- 
tite- and  cobalt  bloom.  The  veinstones  are  calcite,  slightly  greenish,  and  a  little  barite. 
A  little  niccolite  appears  to  be  present. 

The  following  Mexican  localities  arc  also  said  to  contain  cobalt  minerals :  Iturbide. 
in  Chiliuahua,  Ouanacevi  in  Duranago^  Cosala  in  Linaloa,  at  the  mine  "Mirador" 
in  Jalisco.  It  is  said  that  the  zinc  in  smithsonite  is  partly  replaced  by  cobalt  in  Baleo. 
Lower  California. 

Chili 

From  the  table  on  a  preceding  page  it  will  be  seen  that  Chili  has  been  a  prod\ic«>T 
of  cobalt.    References  to  the  occurrence  of  the  metal  in  that  couivtT^  «kT^  \c^ ,  ^^xA  >?>e^* 


Bureau  of  Mines 


writer  is  not  able  to  sa;  what  the  area  are.     Accordiog  to  Dana  smaltite  ocoi 
in  small  quantities,  at  the  silver  mines  of  Trea  Puntaa  and  elsewhere  in  Chili. 


THE  COBALT  INDUSTRY 

In  the  issue  of  July  1st,  1905,  "Le  Bulletin  du  Commerce,"  of  New  Caledonia,  which 
during  late  years  has  been  the  country  producing  the  greater  part  of  the  cobalt  cim- 
siimed,  gives  some  interesting  notes  concerning  the  industry  under  the  heading  "Cobalt 
Canadien  et  Cobalt  CalMonian." 

Attention  is  drawri  to  the  fact  that  Ontario  is  now  a  serious  competitor  in  the 
cobalt  market  with  New  Caledonia  and  a  synopsis  is  given  of  the  paper,  in  the  last 
report  of  the  Bureau  of  Mines,  on  the  Temiakaming  Cobalt-Silrer  deposits. 

The  following  is  a  rather  free  translation  of  a  part  of  the  article : 

The  governing  powers  of  the  colony  (New  Caledonia)  have  shown  themaelrea  in  the 
last   April  session   strongly   opposed   to  the   reduction   of   the   export  duty  on   minerals 


Kig.  38.     Forest  fire 


of  Cobalt  i.ake,  opposite  the  railway  station,  June,  1906. 


inaugurated  in  190S.  Since  that  time  the  condition  of  the  cobalt  marke:t  has  been  pro- 
foundly changed  by  the  discovery  of  deposits  in  Ontario.  New  Caledonia  cobalt  M 
longer  controls  the  market;  as  in  the  case  of  nickel,  a  strong  competitor  haa  arisen. 


The  Canadia 
European  market, 
uf  cobalt  oxide  wi 
quarters  of  the  v 

Germany  have  re! 


r  rather  American,  oxide  of  cobalt  is  about  to  be  placed  on  tbs 
In  March  last,  a  meeting  of  those  interested  in  the  manufactnre 
s  held  in  Paris,  and  the  Americans  there  prtqxMed  to  fnmiab  Uiras- 
orld'fi  consumption.  The  stocks  of  mineral  or  oxide  to  be  deliveivd 
6  then  large.  The  manufacturers  of  oxide  in  France,  England  and 
tricted  their  purchases.  It  is  this  state  of  things  which  has  reiDlt«d 
in  the  prolonged  lowering  of  the  market  since  the  complete  stoppage  of  the  buying. 

Another    meeting  of    European    and   American    manufacturers    was   announced  for 
June.     It  will  be  interesting  to  know  whether  it  was  decided   at  this  meeting  that  tlw 
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manufacturers  of  the  two  continents  should  work  together  or  that  they  should  enter 
into  competition.     In  either  case  it  means  a  reduction  of  our  export  if  the  Canadian 

cobalt  is  put  to  the  same  uses  as  our  own. 

It  is  then  evident  that  the  cobalt  situation  has  radically  changed  and  that  it  would 

be  folly  to  willingly  persist  in  the  continuation  of  a  tax,  which  while  reasonable  in 
1903,  will  be  disastrous  in  1905,  and  ^  will  prevent  all  exploitation  of  deposits,  especially 
those  carrying  low  grade  ore. 


It  may  be  added  to  this  that  it  is  difficult  to  see  how  any  of  the  deposits  of  New 
Caledonia  can  be  worked  in  competition  with  those  of  Ontario.  The  ores  of  this  Pro- 
vince carry  such  high  values  in  silver  that  they  will  be  worked  primarily  for  this  metal, 
although  they  contain  on  the  average  much  higher  values  in  cobalt  than  do  those  of 
New  Caledonia.  Then  there  are  the  other  by-products,  nickel  and  arsenic  in  the  Ontario 
ores.    The  ores  of  this  Province  should  control  absolutely  the  cobalt  market. 

In  1905,  New  Caledonia  shipped  the  following  number  of  tons  of  cobalt  ore  to  the 
countries  named,  viz. :  England  3,352,  France  2,238,  Australia  1,792,  Germany  537,  or 
a  total  of  7,919  tons,  which  is  over  1,000  tons  less  than  the  shipments  of  1904. 


METALLURGY 

The  characteristics  of  the  metal  cobalt  and  its  compounds  are  much  like  those  of 
nickel  and  its  compounds.  The  methods  used  for  extracting  one  metal  from  its  ores  are 
similar  to  those  used  in  the  case  of  the  other.  Since  these  methods  are  complicated,  an 
attempt  will  not  be  made  to  describe  them.  The  reader,  desirous  of  a  knowledge  of  the 
methods,  is  referred  to  some  standard  work  on  metallurgy,  such  as  that  of  Schnabel. 

In  former  times  cobalt  glass,  ''blue  color,"  was  made  directly  from  some  of  the 
purer  ores  carrying  cobalt,  nickel,  silver  and  arsenic^  Most  of  the  arsenic  was  first 
roasted  off,  and  to  the  residue  were  added  the  constituents  of  potash  glass — powdered 
quarts  and  carbonate  or  other  compound  of  potash.  The  roasted  ore,  with  these  con- 
stituents added,  was  then  melted  down,  the  cobalt  uniting  with  the  glass  to  form  smalt 
and  the  niokel  and  silver  settling  to  the  bottom  of  the  furnace.  If  a  little  arsenic  was 
not  left  in  the  ore  some  of  the  nickel  would  also  combine  with  the  glass,  thus  injuring 
its  color. 

The  blue  glass,  or  smalt  as  it  is  called,  was  powdered  and  sieved,  and  was  then 
ready  for  the  market.  An  interesting  account  of  this  method  of  manufacturing  smalt  is 
given  in  Enapp's  "Chemical  Technology,"  first  American  edition.  Vol.  II,  1848. 

Cobalt  now  comes  on  the  market  in  the  oxide  form,  the  latest  quotation  being  $1.60 
per  lb.  for  the  pure  oxide,  CoO.  There  are  seven  or  eight  manufacturers  of  this  oxide 
in  Europe— three  in  England  and  two  or  three  each  in  France  and  Germany.  Little 
cobalt  is  used  in  the  metallic  form,  owing  to  the  fact  that  nickel  serves  practically  the 
same  purposes  as  metallic  cobalt  and  is  much  lower  in  price.  It  is  said  that  a  little 
cobalt  added  to  nickel  in  plating  tends  to  produce  a  more  silvery  and  less  steel-like 
lustre.    By  far  the  largest  consumers  of  cobalt  are  the  potteries. 

This  Province  is  likely  to  soon  have  two  or  three  plants  working  on  the  Temiskaming 
silver-cobalt  ores.  The  International  Nickel  Company  already  has  a  plant  in  operation 
at  Copper  Cliff,  Ont.  Another  company  has  secured  the  old  Hoepfner  or  Frasch  plant 
at  Hamilton,  and  it  is  said  a  third  company  is  likely  to  adapt  the  plant  at  Deloro,  in 
Hastings  county,  which  formerly  was  used  in  the  treatment  of  the  auriferous  mispickel 
ores,  to  the  refining  of  the  Temiskaming  minerals. 
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Appendix 


THE  EARLY  HISTORY  OF  THE  COBALT  INDUSTRY 

IN  SAXONY 

Traiifttated  by  O.  R.  MICKLE 

'*  Is  there  anythlnff  whereof  K  mmy  be  said.  See,  this  is  new  ?  It  hath  been  already  of  old  time  which 
was  before  us."— Bcclesiastes. 


Introduction 

The  following  translation  of  portions  of  W.  Bruchmueller's  work  (now  unfortunately 
ouc  of  print)  on  the  early  history  of  cobalt  mining  and  the  manufacture  of  blue  color 
in  Saxony  will  perhaps  interest  those  engaged  in  the  cobalt  industry  to-day. >  In  the 
main  the  problems  ahead  of  the  miners  of  that  metal  at  the  present  time  are  the  same 
as  they  were  orer  three  hundred  years  ago. 

The  cobalt  production  marked  a  second  period  of  mining  actirity  in  the  district  in 
question.  The  first  was  characterised  by  a  feverish  excitement  and  activity  and  a  com- 
paratively short  life.  Silver  was  the  only  metal  sought  at  first  and  the  veins  were 
sometimes  fabulously  rich.a  Two  systems  of  veins  were  known — ^the  silver  with  barite 
as  gangue  mineral  and  the  cobalt  veins  with  quartz. 

The  exact  time  when  mining  started  in  the  cobalt  region  is  not  known,  but  the  first 
important  discovery  of  silver  ore  was  made  at  Schneeberg  in  1470,  and  the  growth  of  the 
industry  was  phenomenal;  by  1474  there  were  176  producing  mines.  The  most  famous 
was  the  St.  George  at  Schneeberg  where  veins  of  different  formations  joined  and  where 
one  enormous  block  weighing  20  tons,  described  as  6  feet  wide  and  12  feet  high,  consist- 
ing of  native  silver,  argentite,  ruby  silver  and  the  chloride  of  silver  was  found.  Records 
mention  a  banquet  given  underground  by  the  Duke  of  Saxony  using  this  block  or  nugget 
as  a  table. 

Silver  mining  flourished  for  25  years  or  more  and  then  began  to  die  down.  Some 
of  the  veins  had  a  length  of  about  2,500  feet  and  were  followed  in  depth  about  1,000 
feet.     These  were,  however,  extreme  limits. 

In  the  case  of  the  essentially  cobalt  veins  (which  carried  some  silver)  there  was  an 
extraordinary  massing  or  crowding  together.  In  an  area  of  less  than  four 
square  miles  150  productive  veins  were  found.  After  the  invention  of  cobalt  blue, 
mining  flourished  again. 3  It  is  with  this  second  period  of  activity  that  Bruchmueller's 
work  is  concerned. 

It  is  evident  from  the  translation  given  below  that  an  immense  amount  of  searching 
into  old  archives  was  involved  in  the  preparation  of  this  work. 

BEGINNING  OF  COBALT  INDUSTRY 

The  beginning  of  cobalt  mining  and  the  knowledge  of  the  use  of  cobalt  in  Saxony  are 
wrapped  in  obscurity.  The  discoverers  of  the  blue  color  is  said  to  have  been  a  French- 
man, Peter  Weidcnhammer.  who  settled  in  Schneobersj  in  1520  and  made  a  blue  color 
which  he  sold  in  Venice  for  25  thalers4  a  hundredweight  (112  lbs.).     Christian  Schurer 

'^^Wlz^'n'l'J'Bo^y;^^^^^  *"  ^^^*^^"  ^^«  Zum  JahreTe^-yo^^  Br^hmu^lTrjW."  " 

'Thahr"!  aTouVTrclr'"*""''"'  *"'  ''''^''^'  *'  ^^^  ^"^  ^""''^  ^^^"  ""'^^  ^^'  ''*'"*^  «»•*  *»*  pre-hirtoric  timet. 
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iii  Baid  to  have  improved  the  inyention  of  the  blue  oolpr.  He  had  a  glass  works  at  Nendeck, 
and  it  is  beliered  that  there  for  the  first  time  a  blue  color  was  made  out  of  the  cobalt 
from  Schneeberg  by  fusing  and  the  addition  of  pearl  ash  or  potassium  carbonate.  It  i« 
said  that  this  color  was  sent  to  Nueremberg  and  was  there  seen  by  the  Dutch,  who  then 
went  themselves  to  Neudeck  and  persuaded  Schuerer  to  go  with  them  to  Madgeburg 
to  make  cobalt  blue  for  them.  Afterwards,  when  they  had  learnt  Schuerer 's  secret, 
they  sent  him  home  again,  where  he  started  a  small  color  mill.  A  hundredweight 
of  this  color  at  that  time  cost  7^  thalers.  It  sold  in  Holland  for  50  or  60  gulden. 5  The 
Dutch  arc  said  to  have  immediately  built  eight  color  works  and  to  have  imported  the 
necessary  cobalt  from  Schneeberg.  This  blue  color  was  made  by  taking  the  cobalt  ore, 
in  this  case,  smaltite,  which  contained  some  bismuth,  and  melting  the  bismuth  out  by 
gentle  heating;  then  it  was  stamped  and  roasted  in  reverberatory  furnaces.  It  was 
important  that  the  roasting  or  oxidation  should  bo  as  complete  as  possible.  The  result 
of  this  process  was  the  cobalt  oxide,  known  in  the  trade  as  safflor,  a  grayish  brown 
powder.  In  order  to  make  cobalt  blue  out  of  the  oxide  it  is  mixed  with  potassium  car- 
bonate (pearl  ash)  and  white  quartz  and  fused,  then  dipped  out  with  iron  spoons  into 
a  large  vat,  in  which  cold  water  runs  continuously.  By  this  means  the  blue  colored 
glass  attained  its  deep  blue  tint  and  became  so  brittle  that  it  could  be  crushed  and 
ground.^  This  crushed  and  ground  material  is  then  sifted,  washed  and  finally  graded 
through  very  fine  sieves.  By  means  of  the  washing  the  soluble  constituents  are  removed, 
and  the  different  colors  known  to  the  trade  are  produced,  according  to  the  fineness  of 
the  material. 

We  see,  therefore,  that  in  the  beginning  the  production  of  the  cobalt  oxide  in  Schnee- 
berg was  not  in  the  hands  of  large  operators,  but  the  small  works  treated  their  own 
cobalt  and  sold  it  to  the  dealers  who  came  to  Schneeberg.  The  oxide  was  then  sent  to 
foreign  countries. 

Cobalt  Works  in  1568 

In  the  knowledge  of  the  art  of  color-mnking  thoy  seem  to  have  made  rather  rapid 
progress,  for  about  the  end  of  the  sixtoonth  century  they  had  begun  to  make  the  blue 
color  themselves.  The  first  one  to  make  this  was  Christopher  Stahl,  who  put  up  a  little 
smelting  works  at  Schneeberg  in  1568,  also  some  mills,  melting  furnaces  and  color 
works,  in  which  he  made  a  blue  color  for  artists.  Nothing  is  known  about  the  extent 
of  his  works,  but  it  could  not  have  been  great,  as  StahPs  undertaking  is  only  mentioned 
incidentally,  and  the  production  of  colors  for  artists  could  naturally  not  he  carried  out 
on  a  large  scale.  These  works  did  not  last  long.  They  were  swept  away  by  a  flood  in 
1573.  After  StahPs  death  an  attempt  was  made  to  carry  on  the  color  trade  on  a  larger 
scale,  and  according  to  the  spirit  of  the  times,  this  undertaking  must  first  he  protected 
against  competition  by  a  decree  on  the  part  of  the  State,  but  in  spite  of  the  energy 
and  business  ability  and  large  capital  of  the  two  engaged  in  the  undertaking,  it  failed 
The  two  in  question  were  Hans  Harrer  and  Hans  Jenitz.  They  went  to  the  Prince  in 
1575  requesting  a  concession  to  erect  a  color  works  and  to  allow  them  the  exclusive 
right  for  ten  years  to  purchase  cobalt  ore  in  Schneeberg.  They  stated  that  they 
had  noticed  for  fourteen  years  how  the  oxide  which  was  prepared  in  Schneeberg 
and  the  vicinity  was  bought  up  by  agents  of  foreign  merchants  and  sent  out  of  the 
country  to  Nuremberg  and  from  there  to  Italy  and  Venice  and  other  places.  Out  of 
this  oxide  blue  color  was  made  and  sold  at  a  high  price.  By  means  of  laborious  experi- 
ments and  at  a  large  expense  they  had  arrived  at  the  secret  of  the  preparation  of  the  blue 
color  and  they  were  now  willing  to  put  up  a  works,  but  they  were  afraid  that  very  soon 
others  would  be  en&[aGred  in  the  preparation  of  colors  and  therefore  they  requested  the 
concession  mentioned  above.  Stahl's  works  were  not  mentioned  by  them  at  all,  and 
from  this  we  see  that  his  plant  cannot  have  been  large. 

»Gnl(!en  =  abo'it  4^  rts. 

•The  blue  color  nr  Rmiilt  u«iunny  contains  nbout  W  cobnl* . 

6   M.  (  1) 
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First  Monopoly  Granted  in  1575 

This  concession  was  granted  them  by  Piince  Angnst  in  1675.  According  to  it 
Harrer  and  Jenita  could  erect  the  color  works  and  they  alone  had  the  pririlege  for  the 
next  ten  years  to  buy  cobalt  oxide  in  Schneeberg,  and  they  could  work  it  up  and  deal 
with  it  as  they  wished.  They  had  to  pay,  however,  the  cobalt  mines  the  same  price 
which  they  had  got  for  the  ores  from  the  foreign  dealers.  No  one  during  these  ten 
years  could  engage  in  the  preparation  of  color  without  their  consent,  neither  could  he 
buy  the  ore  or  the  oxide  and  ship  it  out  of  the  country. 

This  undertaking,  however,  did  not  fulfil  the  expectations  placed  upon  it.  Schneeberg 
was,  of  coarse,  the  principal  place  of  production  for  the  oxide,  which,  as  before,  was 
chiefly  prepared  by  the  works  themselves,  and  then  sold  to  Harrer  and  Jenita.  The 
color  exchange  was  in  Dresden,  but  in  spite  of  numerous  efforts,  the  disposal  of  the 
colors  presented  great  difficulties.  Moreover,  contrary  to  the  royal  concession  many 
engaged  in  the  preparation  of  color  in  Schneeberg,  and  bought  up  the  oxide  and  sold 
to  competitors  in  Nnremb^'g,  who  probably  also  worked  up  Bohemian  cobalt  and  brought 
it  on  the  market.  A  letter  of  this  period,  namely,  1579,  from  Hans  Harrer  to  foreign 
merchants  shows  us  the  state  of  affairs  and  how  Harrer  exerted  himself  to  find  a  market 
for  his  product.  Harrer  complaims  that  he  had  spent  a  great  deal  of  money  for  the 
purchase  of  the-  oxide  and  the  preparation  of  the  color,  but  in  spite  of  all  that  he 
could  not  find  a  market  for  it.  He  could  only  deal  in  the  matter  at  a  loss.  Not  long 
before,  he  stated,  he  had  sent  some  of  his  color  to  Lisbon,  but  the  merchants  there  had 
done  very  little  with  it  and  finally  it  was  left  unsold.  He  (Harrer)  had  quite  a  stock 
on  hand  which  he  wanted  to  get  rid  of,  and  he  therefore  asks  for  the  addresses  of  those 
to  whom  he  might  send  it. 

Troubles  of  the  Cobalt  Buyers 

In  1679  Harrer  <fc  Jenitz  complained  to  the  Prince.  They  stated  that  in  spite  of 
the  concession  which  had  been  granted  them  there  were  about  twenty  others  in  Schnee- 
berg who  were  engaged  in  buying  up  cobalt  and  making  it  into  color,  and  that  these 
others  were  putting  everything  into  barrels,  whether  it  was  good  or  bad,  and  trying 
to  sell  it  for  good  color,  and  therefore  it  had  come  to  this  that  during  the  four  years 
of  their  monopoly  they  had  put  several  thousand  gulden  into  the  undertaking,  and 
had  not  been  able  to  sell  most  of  the  color  or  oxide  which  they  had  prepared.  More- 
over, several  of  the  inhabitants  of  Schneeberg,  contrary  to  their  concession,  had  de- 
manded a  higher  price  for  their  oxide,  and  when  this  was  not  granted  they  had  taken 
the  color  out  secretly  at  night  and  even  sometimes  had  packed  it  out  openly  on  their 
backs.  Harrer  and  Jenitz  therfore  begged  for  a  renewal  of  their  monopoly  and  an 
extension  for  four  years  more,  and  a  sharper  decree  against  the  smuggling  of  cobalt  and 
cobalt  oxide. 

The  Prince  granted  this  request  and  renewed  the  concession  till  1589,  according  to 
it  the  contractors  alone  had  the  right  to  buy  bismuth  and  cobalt  and  the  oxide.  The 
works  might,  it  is  true,  work  up  their  cobalt  ore  themselves  to  oxide,  but  then  they 
must  sell  it  to  Harrar  &  Jenitz  for  10  groschen?  a  hundredweight.  Selling  to  others 
would  be  punished  with  a  fine  of  200  thalers  and  confiscation  of  the  goods,  which  would 
belong  to  Harrer  &  Jenitz.  In  spite  of  this  decree  the  undertaking  was  not  a  success, 
and  after  the  death  of  Jenitz  in  1589  (Harrar  had  died  in'  1580)  and  the  expiry  of  the 
«concession  in  the  same  year,  it  was  not  renewed,  so  that  the  first  attempt  to  organize 
the  Schneeberg  cobalt  and  color  trade  and  to  make  the  blue  color  in  Saxony  themselves, 
was  a  failure. 

Change  in  Industrial  Conditions 

About  this  time  there  was  a  change  in  the  political  organization  of  the  country. 
Every  undertaking  of  any  size  required  a  concession  from  the  Prince,  just  as  we  saw 


'Groschoii    ^  Hhoiit  21'^c. 
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in  the  case  of  mining,  and  the  ideas  of  the  rights  of  the  Princes  gradually  changed. 
These  conditions  made  their  influence  felt  on  the  cobalt  mining  of  Schneeberg,  and 
rendered  it  possible  to  bring  in  considerable  amounts  of  foreign  capital,  because  the 
Princes,  who  were  at  this  time,  almost  always  in  need  of  money,  gave  concessions  for  the 
exploiting  of  their  mining  privileges  in  consideration  of  certain  loans  from  foreign 
traders.  This  was  acceptable  to  the  foreign  traders,  as  they  had  thereby  the  only 
security  for  their  money. 

Stealing  of  Ore  in  1603 

In  the  year  1603  we  hear  for  the  first  time  of  a  more  strict  supervision  on  the  part 
of  the  Prince  over  the  production  of  oxide.  In  this  year  the  mining  office  complained 
to  the  Prince  that  there  were  people  in  Schneeberg  who  were  engaged  in  making  the 
oxide,  but  did  not  have  any  cobalt  or  bismuth  mines.  The  Prince  decreed,  therefore, 
that  for  the  future  no  one  should  be  allowed  to  buy  cobalt  or  bismuth  or  sell  it  before 
it  had  been  accepted  by  the  mining  office  and  determined  whether  it  came  fresh  from 
fhe  mine  or  had  been  taken  from  some  dump. 

Export  Tax 

Shortly  after  this  also  the  Prince  put  a  tax  on  the  Dutch  merchants  for  the  cobalt 
that  was  bought  in  Schneeberg,  and  ordered  a  strict  supervision  of  the  export.  In  the 
decree  in  question  it  was  stated  that  merchants  from  Holland  in  the  last  quarter  of 
the  year  had  bought  over  four  thousand  hundredweight  of  oxide  in  order  to  take  it  to 
Holland.  England  and  Spain — from  this  the  Prince  did  not  receive  any  taxes.  Out  of 
the  tax  of  one-twentieh  very  little  came  in,  and  from  this  the  Prince  had  alwa3f8  to 
keep  the  principal  adits  in  order  and  therefore  for  every  cask  of  oxide  that  was  sold 
a  gulden  must  be  paid  as  tax.  This  tax  would  fall  on  the  foreigner,  and  they  would 
not  evade  it  because  they  had  a  good  market  for  their  wares;  all  colors,  for  the  purpose 
of  collecting  this  tax,  must  be  weighed  by  an  official  in  Schneeberg,  and  recorded. 
Any  evasion  of  the  tax  would  be  punished  with  a  fine  of  500  florins,  and  confiscation 
of  the  goods.  Every  cask  must  be  printed  with  a  certain  mark,  and  all  casks  without 
this  mark  were  to  be  expropriated.  In  the  same  year  one  Berckau  from  Joachimsthal 
came  to  the  Prince  with  a  proposition  that  the  Prince  should  take  the  sale  of  the  color 
into  his  own  hands,  as  according  to  Berckau  every  year  great  quantities  of  color  and 
cobalt  were  sent  from  Schneeberg  to  Hamburg  and  Holland,  and  from  this  the  Prince 
only  received  a  very  .small  tribute,  but  everything  for  the  manufacture  of  color  was 
found  in  Saxony,  and  he,  Berckau  would  guarantee  to  make  good  color  glass  out  of  the 
Schneeberg  cobalt  for  half  the  price  which  it  cost  them  in  Holland  and  Hamburg. 
Moreover  he  said  the  Hollanders  would  far  rather  buy  the  glass  than  the  raw  oxide. 
If  the  Prince  would  take  the  sale  of  the  color  in  his  own  hand.9  he  and  an  associate 
would  take  charge  of  it  and  produce  yearly  two  to  three  thousand  hundredweight  of 
color  glass.  He  gave  two  calculations  as  to  the  cost  of  color  in  Saxony  and  Holland  as 
a  basis  for  his  proposition.     The  calculation  as  to  the  cost  in  Saxony  was  as  follows: 

Florins. 

100  cwt.  of  unstamped  cobalt  ore  cost   300 

Wood  for  roasting  9 

Two  workmen  for  14  days  9 

Loss  3  cwt 9 

therefore  100  cwt.  as  exported  from  here  cost  327  florins,  and  add  to  this 

Florins. 

50  cwt.  flux   400 

Wood  to  melt  42 

4  workmen  for  the  melting  for  four  weeks  at  the  rate  of  2  florins 

per  week   per    man    ^ 

Other  expenses  ^J^ 


k 


78  Bureau  of  Mines  No.  5 


or  a  total  of  830  florins  for  100  cwt.  He  calculated  in  the  same  way  the  cost  in  Holland 
at  1,000  florins.  Now  as  a  hundredweight  sold  in  Hamburg  for  20  florins,  therefore  the 
profit  was  100  i>er  cent.  The  Prince  should  give  him  an  advance  of  5,000  florins  for 
his  works  and  they  would  take  charge  of  it,  but  they  must  first  take  a  trip  to  Holland 
and  England  in  order  to  make  contracts  with  the  dealers  for  large  amounts.  As  remun- 
eration they  asked  20  per  cent,  of  the  profits.  The  Prince  did  not  consent  to  this  pro- 
position o^  Berckau's.  The  result  of  this  proposition  and  consultations  was  the  royal 
decree  of  1609,  in  which  it  was  made  known  that  for  the  future  the  Prince  would  buy 
up  all  the  cobalt  made  in  Schneeberg,  which  was  formerly  taken  by  foreign  merchants 
end  sent  out  of  the  land.  The  purchase  was  to  be  made  through  the  tithe  collector.  The 
works  producing  cobalt  were  directed  not  to  sell  their  cobalt  to  any  one  else  under  a 
penalty  of  600  florins,  and  all  the  dealers  were  forbidden  under  the  same  penalty  to  buy 
cobalt  without  the  consent  of  the  Prince,  or  to  dispose  of  their  stock  on  hand  either  in 
or  outside  of  the  country.  The  Schneeberg  cobalt  trade  thus  became  a  State  under- 
taking. 

SCHNEEBERG  COBALT  AND  OXIDE  TRADE  AS  A  STATE  UNDERTAKING 

The  first  consequences  of  the  change  of  the  Schneeberg  cobalt  and  oxide  trade  into 
a  purely  State  undertaking  were  decidedy  favorable.  The  stricter  organisation,  and  the 
greater  capital  which  the  new  management  could  command,  led  in  the  first  place  to 
a  rise  in  the' price  and  increase  of  the  sale.  This  operated  in  favor  of  the  cobalt  miners, 
even  although  it  must  always  be  kept  in  mind  the  money  bags  of  the  rulers  profited  by 
the  change.  In  the  course  of  time,  however,  the  financial  difficulties  under  which  the 
Princes  at  that  time  almost  always  labored  exercised  a  baneful  influence.  Their  interests 
were  always  more  and  more  put  in  the  foreground,  and  they  were  willing  to  let  the  works 
get  under  control  of  capitalists  who  were  able  to  make  large  loans.  These  concessions 
would  be  given  for  a  period  of  years.  It  must,  however,  be  acknowledged  that,  as  a 
last  resort,  the  mining  office  stepped  in  on  behalf  of  the  cobalt  miners  and  the  Prince 
generally  followed  the  advice  of  these  officials  and  remedied  the  most  crying  evils.  More- 
over, the  terrible  industrial  crisis  began  to  make  its  influence  felt.  This  was  brought 
about  by  the  practice  of  clipping  coins  and  by  the  Thirty  Years'  War.  These  circum- 
stances led  to  a  complete  ruin  of  the  Schneeberg  cobalt  mining  and  the  oxide  trade 
about  the  period  of  1620-30.  We  will  look'  into  these  circumstances  more  in  detail 
shortly,  but  must  first  notice  the  organization  of  the  cobalt  and  oxide  trade  as  it 
existed  after  the  conversion  of  the  industry  into  a  purely  State  undertaking. 

Ordinance  of  1609 

According  to  the  ordinance  of  the  Prince  in  1609,  the  tithe-collector  in  Schneeberg 
had  to  take  over  all  the  buying  and  selling  of  cobalt  and  oxide.  The  first  task  was  to 
find  a  buyer  for  the  cobalt  purchased  from  the  works  and  the  dealer,  Kreifinger,  applied 
to  the  Prince  for  a  fixed  contract.  The  following  agreement  was  made  with  him  in  1610 
It  was  for  a  period  of  six  years :  All  oxide  colors  which  were  produced  during  these  six 
years  in  Schneeberg  and  were  of  good  quality  were  turned  over  to  Kreifinger.  He  had 
the  power  to  sell  his  oxide  wherever  he  wished,  but  he  must  first  supply  the  business 
houses  of  the  Principality  with  these  wares.  Kreifinger  had  two  LeipEig  merchants  as 
guarantors.  The  price  per  hundredweight  was  six  gulden  and  ten  groschen  and  notice 
had  to  be  given  half  a  year  before  expiry  of  the  contract.  Kreifinger  had  to  advance 
the  Prince  3,000  florins,  and  he  was  to  receive  back  600  florins  per  year  and  the  interest. 
Some  alterations  were  made  in  this  contract  afterwards  to  the  effect  that  the  oxide  was 
divided  into  two  classes.  These  changes  were  in  consequence  of  complaints  on  the  part 
of  the  contractors.  They  objected  especially  to  the  fact  that  all  the  oxide  that  was 
produced  in  Schneeberg  should  be  accepted  by  them,  and  therefore  every  year  fixed 
Bmounts  were  agreed  on.     The  whole  TOaivag,emeTv\,  o^  tVvv&  buainess  was  left  to  the  tithe- 
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collector.  He  had  to  look  lifter  the  purchase  and  taxing  of  all  the  cobalt  ore  delivered 
by  tJie  works,  then  deliver  them  to  the  contractors  and  carry  out  all  the  bookkeeping. 
There  were  numerous  complaints  on  the  part  of  the  works  that  the  tithe-collector  esti- 
mated their  cobalt  too  low.  The  bucket  of  cobalt  ore  was  paid  for  at  the  rate  of  two 
to  three  florins,  and  the  hundredweight  of  oxide  three  to  four  florins.  This  task  soon 
became  too  great  for  the  tithe-collector.  He  therefore  requested  assistance  in  his 
work,  and  a  couple  of  officials  were  allotted  to  him.  These  two  officials  were  to  inspect 
and  estimate  the  cobalt  in  the  presence  of  the  tithe-ooUector  and  agents  of  the  contract- 
ors, to  look  after  the  roasting  of  the  ore,  visit  the  stamp  mills  weekly,  weigh  out  the  color 
for  the  dealers,  and  keep  strict  account  of  all  color  that  was  made. 

An  attempt  was  made  to  induce  the  Prince  to  cancel  the  contract  with  Kreifinger. 
He  was  accused  of  being  a  swindler,  who  had  already  been  in  jail.  At  the  same  time 
proposals  were  made  to  make  the  color  in  Saxony.  In  spite  of  these  objections  the 
Prince  stood  by  the  contract,  and  even  renewed  it  for  six  years  more.  According  to 
this  later  contract  the  Prince  had  to  deliver  yearly  3,600  hundredweight  of  oxide,  3,000 
at  8  florins  and  500  of  inferior  quality  at  6  florins.  Kreifinger,  in  consideration  of  this, 
made  the  Prince  a  further  loan  of  4,000  florins.  These  advances  on  the  part  of  the 
contractors  to  the  Prince  were  characteristic  of  all  the  concessions. 

Troubles  of  the  Miners 

A  few  years  after  this,  namely,  in  1616,  the  cobalt  miners  petitioned  for  a  remission 
of  the  tax  on  the  ore  and  for  a  higher  price  for  their  cobalt,  as  mining  was  getting  more 
expensive  all  the  time,  and  the  ore  scarcer,  and  prices  for  necessary  articles  were  always 
rising.    The  tithe-collector  suggested  an  increase  of  half  a  florin  on  the  bucket. 

In  1617  the  following  ordinance  was  made : 

1.  All  the  cobalt  ore  must  be  inspected  by  the  officials  before  it  is  rated  and  taken 
to  the  ore  house  in  order  to  determine  from  which  mine  it  came  and  to  see  whether  good 
and  inferior  ore  were  not  mixed  together.  For  this  inspection  the  mines  had  to  pay 
each  time  two  groschen.     The  previous  taxes  were  maintained. 

2.  No  robbing  of  the  mine  was  to  be  practised. 

3.  No  miner  was  to  go  underground  more  than  two  shifts  in  the  day. 

4.  All  the  cobalt  purchased  from  the  works  was  to  be  kept  separate  and  roasted 
by  itself  in  order  that  the  tithe-collector  and  the  superintendent  of  the  cobalt  coald 
settle  correctly  with  the  different  works,  and  in  order  that  the  cullings-out  could  be 
replaced  by  the  different  works. 

0.  The  assayer  had  to  take  a  sample  from  each  cask  of  oxide  and  this  was  to  be 
kept  in  the  office. 

6.  No  cobalt  ore  was  to  be  stamped  cither  by  night  or  on  holidays. 

7.  Two  buckets  were  to  be  kept  and  filled  with  ore  by  the  works,  one  of  which  the 
tithe  collector  was  to  receive  and  the  other  the  mining  office. 

8.  The  officials  had  to  inspect  the  color  works  weekly,  and  the  ore-dressing  plants, 
and  no  one  had  any  right  to  enter  the  stamp  mills  without  permission. 

9.  Every  cask  of  color  was  to  be  weighed  and  stamped  with  the  Prince's  trade  mark. 
The  color  was  to  be  sold  by  the  hundredweight  to  the  merchants  in  Holland. 

Unfortunately,  however,  these  rules  were  not  observed,  and  we  see  that  shortly  after- 
wards the  works  were  complaining  over  the  tithe-collector,  Iloehling*s,  practice  of 
culling  out.  The  cobalt  that  was  delivered  by  the  works  was  not  kept  soparate,  they 
stated,  but  all  mixed  together,  and  then  the  works  wore  compelled  often  to  replace  more 
ore  that  was  culled  out  than  thoy  had  sent  in  the  first  place — for  instarce.  ono  inine 
which  had  delivered  53  buckets  of  cobalt  was  ordered  to  replace  64  buckets,  and  more- 
over they  said  this  ost<Misihly  cnllod  ore,  which  was  often  bettor  than  the  cobalt  that 
was  accepted,  was  not  sent  back  to  them,  but  was  taken  sixty  miles  and  farther  some- 
times— they  would  like  to  know  why.  They  said  that  the  ^\\\\o  cc\\Vq\c\\  '^^^  v^^^^N.> 
in   debt  to  the  works,  so  ihnt  thoy  were  compelled,   in  ovAv^r   tv>  v».Y\y   uw  \\W\\    wxwv^""*^- 
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to  borrow  capital  at  high  rates  of  interest.  Therefore  they  requested  that  Roehling 
be  ordered  to  cull  out  the  ore  from  each  work  separately,  and  to  give  back  what  was 
culled  out  in  order  that  they  could  pay  off  their  workmen  properly,  and  they  also  asked 
that  the  tithe-collector  should  pay  them  in  full  every  half  year,  or  if  not,  that  the 
Prince  should  allow  the  works,  after  this  contract  was  run  out,  to  work  up  their 
cobalt  to  oxide  themselves  and  sell  it  as  thoy  might.  They  offered  to  give  the  Prince, 
if  the  tax  of  one-twentieth  was  repealed,  for  every  hundredweight  of  oxide  one  florin. 
They  stated  this  would  bring  in  more  than  came  from  the  contracts  now.  The  Prince 
promised  to  look  into  the  matter  of  the  excessive  culkng  by  the  tithe  collector,  and  to 
give  them  an  answer  about  this  open  dealing  after  the  contract  expired.  In  the  same 
year  the  works  made  another  complaint  about  their  being  in  arrears  with  their  pay- 
ments. They  stated  that  they  were  no  longer  in  a  position  to  pay  their  workmen,  and 
they  had  to  keep  on  borrowing  money  at  high  rates  of  interest. 

Coin  Clippers  Period 

We  come  now  to  the  time  of  the  Thirty  Years'  War  and  to  the  general  money  crisis 
in  (Germany,  which  is  known  as  the  time  of  the  Coin  Clippers.  The  consequences  of  the 
war  were  noticed  in  Schueeberg  after  a  few  years,  but  the  tremendous  money  crisis  was 
felt  at  once.  In  Germany  for  some  time  there  had  been  excessive  clipping  of  coins  going 
on,  and  in  consquence  of  this  currency  of  full  value  was  vanishing,  and  the  country  was 
flooded  with  depreciated  money,  thereby  bringing  about  a  tremendous  increase  in  the 
price  of  all  articles.  This  money  crisis  was  all  the  worse  because  it  coincided  with  the 
Thirty  Years'  War,  by  which  trade  was  crippled  everywhere.  In  consequence  of  these 
two  circumstances  the  production  fell  greatly,  from  over  8,000  buckets  in  1620  to  about 
2,000  in  1639. 

The  cobalt  miners  regarded  the  contract  which  the  Prince  had  forced  on  them  as 
the  sole  cause  of  their  desperate  position.  They  were  no  more  able  to  recognise  the  true 
cause  of  the  industrial  crises  than  their  contemporaries.  Their  object,  therefore,  was  to 
have  this  contract  cancelled  and  to^  obtain  unrestricted  trading  in  their  cobalt  and 
oxide  without  the  intervention  of  the  tithe  office  and  foreign  dealers.  They  therefore 
asked  in  1619  for  the  granting  of  open  dealing  in  cobalt,  and  the  Prince  told  them  that 
after  the  contract  ran  out  in  1620  he  would  give  them  an  answer.  The  Prince  was,  on 
his  part,  too  much  dependent  on  the  support  of  these  foreign  dealers,  as  it  was  only 
with  their  large  capital  that  he  was  able  to  undertake  the  extensive  business  involved, 
and  the  contractors,  on  their  part,  were  quite  content  to  have  the  concession  as  a  guar- 
antee for  their  debt.    He  therefore  could  not  entertain  the  wishes  of  the  miners. 

The  Prince  renewed  the  contract  with  the  Dutch  for  six  years,  but  it  was  finally 
cancelled,  as  the  contractors  only  wished  to  take  yearly  3,500  hundredweight  as  before, 
while  the  Prince  demanded  the  purchase  of  a  larger  quantity.  In  spite  of  this  the 
Prince  would  not  grant  open  dealing,  but  made  another  contract  with  some  Leipsig 
merchants  and  others.  The  contract  was  for  twelve  years.  The  Prince  agreed  to  deliver 
them  yearly  6,000  hundredweight,  and  the  contractors  could  deal  with  these  either  at 
home  or  in  foreign  markets,  but  they  must  first  supply  the  dealers  of  Saxony.  If  the 
contractors  could  not  get  rid  of  the  color  afterwards  they  could  keep  it  in  Schneeberg 
in  some  of  the  offices,  and  in  the  meantime  no  one  else  should  be  allowed  to  deal  in  color, 
and  the  Prince  would  give  a  patent  against  cobalt  smuggling.  On  their  side  the  con- 
tractors must  agree  to  take  the  6,000  hundredweight  yearly,  even  if  war  broke  out,  and 
stopped  trade,  and  they  must  pay  in  oash  6,000  cwts.  at  8  florins,  and  1^000  cwt.  of 
inferior  quality  at  6  florins.     Pajrment  must  be  made  in  good  French  money. 

Loans  from  Contractors  to  Prince 

In  the  autumn  of  that  came  year  the  Prince  applied  to  the  contractors  for  a  large 
loan.      He    explained    to    them    that   he  Teqwited   50,000  florins  for  a  very  important 
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matter,  and  requested  them  to  advance  this  money.  They  declared  that  is  was  at 
the  moment  impossible  for  them,  but  they  would  manage  to  do  it  in  the  course  of  six 
weeks,  advancing  the  money  at  seven  per  cent.  Some  time  afterwards  they  said  that 
they  were  ready  to  advance  the  50,000  florins  if  the  oxide  trade  and  the  purchase  of 
the  cobalt  was  made  hereditary  and  irrevocable  to  them,  and  that  they  should  buy 
the  cobalt  by  their  own  agents  and  work  it  up  to  oxide  themselves  without  the 
royal  tithe-collector  having  anything  at  all  to  do  with  it.  For  this  privilege  they  would 
pay  the  Prince  4,000  gulden  yearly.  The  Prince  agreed  to  this  unheard-of  demand  with- 
out  hesitation.  The  contractors  were  to  make  the  payment  and  the  tithe-collector  to 
be  notified  of  the  fact. 

Intervention  of  Mining  Office 

This  doubtful  step  was  not  carried  out  however,  as  the  mining  office  took  a  hand  in 
the  affair  and  explained  to  the  Prince  that  this  proposal  was  contrary  to  all  mining 
rights;  that  the  miners  would  leave,  and  then  he  would  lose  the  4,000  florins  which  he 
got  from  the  contractors,  while  the  cobalt  mining  had  brought  in  the  Prince  yearly  up 
to  the  present  time  about  6,000  florins.  This  concession  was  never  formally  withdrawn, 
but  is  never  mentioned  again,  and  matters  remained  as  they  were,  the  contractors 
lending  the  Prince  17,000  florins,  which  the  Prince  set  down  to  the  credit  of  the  works. 
In  the  next  year  the  works  sent  an  urgent  request  to  the  Prince  to  pay  them  for  their 
cobalt  that  was  delivered,  that  there  was  17,000  florins  overdue  from  the  tithe-collector, 
and  they  further  asked  for  payment  in  good  coin  of  the  land,  and  not  in  copper  coins 
from  Brunswick,  which  they  could  not  get  rid  of.  They  stated  that  all  necessities  and 
appliances  were  advancing  at  a  terrible  rate,  the  price  being  about  three  times  what 
it  was  before,  so  that  a  great  many  had  to  leave  on  account  of  the  expensive  living,  and 
finally  they  expressed  a  desire  for  open  dealing  again,  and  requested  an  extra  payment 
for  the  cobalt.  The  mining  officials  agreed,  or  gave  a  favorable  report  on  this  petition, 
and  suggested  that  they  be  repaid  the  17,000  florins  and  get  half  a  florin  more  per  bucket 
for  their  ore.  This  was  done  by  the  Prince.  The  contractors,  on  the  other  hand,  were 
not  by  any  means  satisfied.  They  had  expected  a  greater  profit  for  their  undertaking 
than  it  really  gave,  and  they  complained  continually  about  cobalt  smuggling,  further, 
they  objected  to  the  tithe-collector  at  Schneeberg, — ^that  he  delivered  them  oxide  that 
was  no  good.  The  Prince  therefore  ordered  a  strict  inspection  by  the  mining  office,  as 
these  complaints  had  become  too  frequent.  The  remonstrances,  however,  continued  till 
finally  the  Prince  ordered  an  investigation.  In  consequence  of  this  investigation  the 
Prince  took  away  the  control  of  the  outside  works  entirely  from  the  tithe-collector,  and 
put  them  in  charge  of  a  new  officer.  This  concession  did  not  satisfy  the  contractors; 
in  the  meantime,  in  order  to  get  rid  of  the  contract,  they  had  made  an  agreement  with 
one  Brandenstein,  and  in  consequence  of  this  they  stated  that  they  had  everywhere 
found  opposition,  and  reverses  with  their  contract,  and  they  feared  great  loss,  if  not 
complete  ruin.  Therefore  they  requested  the  Prince  to  hand  over  their  contract  to  Carl 
Brandenstein. 

The  Prince  was  heavily  in  debt  to  Brandenstein,  who  was  a  money-lender  of  the 
worst  kind.  He  had  lent  22,000  florins  of  depreciated  money  to  the  tithe  office,  and 
probably  he  expected  to  recoup  himself  with  the  oxide  trade  of  Schneeberg.  He  did 
not  succeed  in  this,  however,  as  his  inconsiderate  treatment  of  the  miners  overshot  the 
mark,  so  that  he  had  to  abandon  the  contracts.  He  had  asked  the  Prince  for  the  most 
complete  and  untrammelled  powers  in  the  dircjction  of  the  business  for  twelve  years. 
According  to  the  contract  Brandenstein  would  take  over  the  purchase  and  the  prepara- 
tion of  oxide.  All  the  directors  of  the  color  works  and  all  the  employees  of  the  Prince, 
except  the  mining  officials  in  the  mining  office  and  tax  collectors  were  to  be  put  under 
the  direction  of  Brandenstein.  and  he  had  the  power  to  dismiss  them  or  fill  their  places, 
after  notifying  the  mining  office.  The  new  officials  would  then  be  etv^"8t^<^  Vj  NJtvfe  "^xvMsft 
and  turned  over  to  BrandenstPin.  who  was  to  pay  their  aaVar'j.     T^^  C)cAi«\V>  ot^  'n«%» 
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to  be  paid  only  in  good  coin,  but  the  works  had  to  deliver  good  pure  material.  Material 
that  was  worth  less  than  3  florins  need  not  be  paid  for  at  all.  Any  ore  that  was  not 
good  would  be  put  aside  and  could  not  be  sold.  All  good  cobalt  Brandenst^in  was  forced 
to  accept;  but  he  need  not  pay  for  it  at  a  higher  rate  than  five  florins,  and  he  must 
pay  in  good  coin.  All  the  color  works  and  stamp  works  which  were  in  bad  repair 
Brandenstein  was  to  take  over  and  he  would  be  recouped  for  the  expense  of  repair  after 
the  expiry  of  the  contract.  He  was  to  receive  wood  out  of  the  Prince's  forest  at  the 
usual  price  and  in  addition  to  the  stamp  work  he  might  build  a  new  cobalt  works,  the 
cost  of  which  would  be  refunded  to  him.  He  should  have  the  stamp  works  belonging  to 
the  tithe  office  as  long  as  he  wished  for  one  gulden  weekly  rent;  in  consideration  of  his 
previous  advances  the  whole  stock  of  oxide,  etc.,  and  16,900  buckets  of  cobalt  were 
handed  over  to  him.  He  could  make  this  up  to  color  and  sell  it  wherever  he  wished,  and 
in  consideration  of  this  he  had  to*  pay  the  works  the  money  that  was  due,  but  they  had 
to  first  replace  the  ore  that  had  been  culled  out  with  good  cobalt:  After  the  expiry 
of  the  contract  3randenstein  or  his  heirs  had  a  prior  right  to  a  renewal  of  the  contract. 
If  the  supply  of  cobalt  ore  failed  the  contract  would  be  cancelled  and  Brandenstein  had 
to  see  that  the  various  taxes  were  all  paid. 

Disputes  Between  Miners  and  Contractors 

We  see  that  by  this  means  the  Prince  had  handed  over  the  trade  in  oxide,  which 
had  been  very  profitable  to  the  Treasury,  to  Brandenstein  for  a  period  of  twelve  yean 
without  any  further  consideration  except  that  the  Prince  was  free  from  the  responsi* 
bility  of  paying  his  debts  to  the  works.  Immediately  after  the  signing  of  this  contract 
a  bitter  quarrel  began  between  Brandenstein  and  the  works.  They  demanded  payment 
of  the  balance  of  over  30,000  florins  which  was  due  them  for  cobalt  which  they  had 
delivered.  Brandenstein  put  every  obstacle  in  the  way;  he  demanded  the  replacing  of 
the  ore  which  was  culled  out,  and  stated  that  the  stock  on  hand  was  a  great  deUl  smaller 
than  was  represented  to  him  at  the  time  when  the  contract  was  made.  The  works,  on 
their  part,  objected  to  the  excessive  cnllino;.  They  would  have  to  close  down  their  mines 
and  send  oflF  all  their  men,  who  already  lived  in  the  most  wretched  state  of  poverty. 
They  stated  some  were  even  dying  of  hunger.  Their  creditors  were  threatening  to  evict 
them  from  their  mines,  and  the  adit  was  in  danger  of  caving  in,  as  they  had  no  means 
to  keep  it  in  order,  and  furthermore  they  complained  especially  about  a  wilful  under- 
rating of  their  cobalt  and  of  the  low  price.  In  spite  of  the  efforts  of  the  higher  officials 
of  the  office  to  induce  Brandenstein  to  accept  some  of  the  lower  grade  cobalt  and  to  pay 
up  the  outstanding  amounts  to  the  works,  he  obstinately  stuck  by  the  letter  of  the 
contract,  and  complained  that  he  was  losing  by  it.  The  works  did  not  let  the  matter 
rest.  In  spite  of  a  sharp  notice  from  the  Prince  about  their  inopportune  grumbling 
they  continnod  to  send  in  complaint  after  complaint,  always  about  the  same  point*,  and 
with  the  same  conclusion,  namely,  that  they  should  be  allowed  open  dealing  for  their 
cobalt.  Brandenstein  finally  gave  way  to  this  uproar  raised  by  the  works,  which  was 
backed  up  in  the  most  essential  points  by  the  officials  in  the  mining  office.  He  there- 
fore voluntarily  cancelled  his  contract  with  the  Prince  and  the  Prince  gave  permission 
to  thp  works  to  make  up  their  cobalt  to  oxide  themselves,  and  to  deal  with  it  as  they 
wished,  hut  tlioy  had  to  pay  the  regular  taxes,  and  in  addition  to  that  one  florin  for 
every  hncket  of  cobalt  made  up  to  oxide.  Smuggling  in  cobalt  would  be  punished  by 
a  fine  of  oOO  gulden 

Open  DealinjB:  Not  a  Success 

The  cobalt  works  had  roachod  tlio  desired  goal,  and  they  hoped  that  with  that  all 
their  difficulties  would  be  at  an  end.  Rut  very  soon  the  opposite  became  evident,  and 
although  tho  niaiiacrr-nient  of  the  State  miiiht  havo  boen  a  groat  deal  to  blame  for  what 
had  happened  in  the  last  few  yoars,  it  was  not  tho  only  reason  for  the  decline  of  the 
fyrhrirohorp  cohnh  mining.  Tt  was  rather  dopon(l(Mit  on  the  general  industrial  and 
political  crisis  under   which    M   trade    tviac\   \\\Olv\^\.t\   \w\\vL,\V\^V^d,  ^vwd  the  general  p«r- 


1905  Appeadix  63 


chasing  power  of  the  public  greatly  diminished.  Thia  was  especially  noticeable  in  an 
article  which  was  not  absolutely  necessary,  such  as  the  color,  and  in  times  like  this  it 
was  the  small  works  and  those  with  less  capital  which  necessarily  suffered  most.  We 
hear,  therefore,  a  few  weeks  after  open  dealing  had  been  allowed,  strong  complaints  on 
the  part  of  the  works.  They  stated  that  in  addition  to  the  tax  they  should  not  be 
required  to  pay  one  florin  for  every  bucket  of  cobalt> — that  Brandenstein  had  ruined 
the  whole  business,  and  no  human  being  was  willing  to  buy  any  color  from  them.  The 
cost  of  mining  a  bucket  of  cobalt  was  two  or  three  florins,  and  if  the  expenses  were  so 
great  they  would  have  to  discharge  their  miners,  and  therefore  the  Prince  should  remit 
the  one  florin  on  the  bucket  of  cobalt.  The  Prince  granted  this  request  in  part,  and 
an  inspection  was  ordered  of  all  the  works  by  the  tithe-collector,  and  that  the  adits 
should  be  kept  in  repair  where  there  was  any  danger  of  a  cave-in  or  other  damage,  and 
they  were  further  to  see  that  the  barren  rock  did  not  remain  in  the  adit,  but  should 
be  brought  out  to  the  surface.  For  the  purpose  of  collecting  a  tax  they  should  inspect 
all  the  mines  which  were  producing  every  two  to  four  weeks,  and  be  present  when  some 
of  the  ore  was  hoisted,  and  should  cull  the  cobalt  in  proper  manner  and  measure  it  up. 
The  works  were  not  satisfied  with  this.  The  Prince  pointed  out  that  the  office,  the 
mining  officials  and  the  works  had  made  representations  about  excessive  taxation,  and 
that  the  works  had  said  they  were  ready  to  pay  these  taxes  if  they  got  open  dealing, 
and  that  they  stated  they  would  find  enough  buyers  who  would  take  their  cobalt  at  ten 
florins  which  they  were  forced  to  sell  at  five.  Now  they  said  the  very  opposite.  They 
were  to  blame  themselves.  In  spite  of  this  he  said  that  he  was  willing  in  the  future  to 
take  the  tax  of  one  florin  a  bucket  and  remit  the  mining  taxes. 

As  soon  as  an  opportunity  offered  the  Prince  made  one  more  effort  to  close  a  new 
contract.  Two  men  offered  to  negotiate;  one  was  the  merchant,  Hans  Friese,  and  the 
other  was  from  Frankfort,  Daniel  de  Briers.  Both  declared  that  they  had  bought  a 
great  quantity  of  oxide,  but  the  business  had  not  succeeded,  as  in.  the  previous  years  a 
great  deal  of  very  bad  material  had  been  made,  still  they  were  willing  to  go  on  with 
the  Tentnre  if  a  monopoly  was  given  for  from  one  to  three  years.  The  Prince  seised 
this  opportunity  immediately  and  made  a  contract  without  consulting  the  Schneeberg 
cobalt  works.  It  was  for  six  years.  According  to  this  the  two  contractors  were  to  take 
yearly  from  Schneeberg  and  Nenstadtlein  3,000  buckets  of  cobalt.  The  payment  should 
be  made  according  to  four  grades.  The  No.  4  grade  was  to  be  considered  as  absolutely 
worthless,  and  the  first  three  grades  were^  to  be  paid  respectively  with  3,  2^  and  1\ 
reichstaler.  The  samples  were  to  be  kept  in  Schneeberg  and  the  cobalt  was  to  be  taxed 
according  to  them.  The  cobalt,  as  soon  as  it  was  taxed,  was  to  be  delivered  to  the  two 
contractors,  who  could  make  oxide  of  it  and  deal  with  it  at  home  or  abroad,  as  they 
liked.  The  payment  for  cobalt  was  to  be  made  to  the  works  immediately  by  the  con- 
tractors in  cash  without  any  deductions,  that  is,  neither  the  Prince  nor  the  tithe  office 
had  anything  to  do  with  it  as  formerly.  The  latter  had  nothing  more  to  do  with  the  trade, 
but  merely  inspected  it  through  the  mining  office.  Moreover,  the  contractors  were  to 
tako  the  cobalt  oroVhich  was  paid  in  to  the  Prince  as  mining  taxes  by  the  works,  and 
also  that  which  was  mined  in  his  own  mines,  at  the  price  of  3  florins  a  bucket.  At  first 
the  contractors  wero  not  to  export  their  cobalt  and  oxide  from  Schneeberg,  in  order 
that  the  business  might  recover  its  reputation  again,  and  all  dealing  in  oxide  and  cobalt 
was  strictly  forbidden  to  all  other  persons  during  this  period  of  six  years,  but  in  con- 
sideration of  this  the  contractors  were  bound  to  take  yearly  3.000  buckets,  even  if  war 
broke  out  and  stopporl  trade,  and  if  more  than  3.000  buckets  were  mined  in  one  year 
the  excess  would  be  kept  for  the  next  year.  For  this  privilege  the  contractors  were  to 
pay  yearly  1.000  thalers  into  the  Prince's  exchequer,  making  it  in  two  equal  payments, 
and  also  pay  rent  for  the  works  belonging  to  the  Prince  which  they  took  over.  If  the 
contractors,  after  the  six  years,  did  not  wish  to  renew  the  contract,  they  must  give  a 
half-year's  notice:  on  the  other  hand,  if  thev  wished  to  <to  on  thev  would  have  t\vo  vv-^\\s.tv\ 
■)ver  others. 
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Contract  versus  Open  Dealing 

This  contract  was  submitted  to  the  works,  who  immediately  opposed  it,  as  thej 
declared  that  it  would  mean  the  certain  ruin  of  the  whole  mining  industry.  They 
straightway  came  to  the  Prince  with  a  petition  about  the  contract,  and  to  request  the 
retention  of  open  dealing,  and  they  especially  complained  of  the  small  quantity  of  cobalt 
which  was  to  be  bought,  namely,  3,000  buckets,  and  of  the  low  price,  stating  that,  under 
these  conditions,  they  were  doomed.  They  begged,  therefore,  to  have  the  contract  can- 
celled, and  to  stick  to  open  dealing.  They  promised  to  pay  the  tax  most  punctually,  and 
to  abstain  from  any  smuggling  on  their  part.  In  order  to  meet  the  works  somewhat  in 
this  respect  the  two  contractors  stated  in  writing  that  although  they  were  not,  und^ 
the  existing  circumstances,  in  a  position  to  take  more  than  3,000  buckets,  nor  to  pay  any 
more  for  it,  they  would  be  willing,  if  the  conditions  improved  to  buy  a  greater  quantity 
of  cobalt  and  pay  a  little  higher  price.  This  declaration  on  the  part  of  the  contractors, 
which  was  not  really  of  any  value,  did  not  remove  the  opposition  of  the  works,  but  it 
had  the  effect  that  the  works  now  divided  into  two  parties, — one  which  declared  that  they 
would  like  the  contract  provided  there  was  a  greater  quantity  bought,  and  the  price 
were  a  little  higher,  while  the  other  party  still  opposed  the  contract.  The  party  which 
was  irreconcilably  oposed  to  the  contract  persisted  that  if  they  got  open  dealing  they 
would  give  the  Prince,  instead  of  the  tax  of  one-twentieth,  every  tenth  bucket,  while 
the  other  party  stated  that  this  offer  could  not  be  acceped,  and  wished  for  a  fixed  con- 
tract, however,  with  the  conditions  mentioned  above.  Negotiations  in  this  matter 
dragged  on  for  some  time.  The  contractors  finally  agreed  to  take  4,000  buckets  annually, 
but  stated  that  an  increase  in  the  price  was  impossible  at  present.  The  mining  office  stated 
that  the  prices  offered  to  the  works  by  the  contractors  were  not  reasonable,  as  the  costs 
in  mining  were  too  high.  However,  offers  and  counter-offers  were  made,  and  as  a 
final  result  the  Prince  asked  for  a  vote  from  the  works  of  "contract''  or  ''open  dealing." 
All  the  works  which  were  producing  ore  must  state  in  writing  whether  they  were  for 
a  contract  or  for  open  dealing.  The  result  was  that  30  persons,  representing  87  mines, 
voted  for  the  contract,  and  43  persons,  representing  132  mines,  voted  for  the  open 
dealing.  In  consequence  of  this  majority  for  open  dealing  the  Prince  decreed  that  the 
contract  was  cancelled  and  permitted  open  dealing  again,  with  the  condition  that  every 
tenth  bucket  of  good  pure  cobbed  cobalt  ore  should  be  paid  into  the  Treasury,  and  in 
addition  to  this  some  other  taxes,  which  could  be  paid  in  money  or  cobalt.  Those  of 
the  works  which  had  received  advances  from  the  contractors,  or  had  ore  to  their  credit, 
should  settle  the  matter  with  them. 

Crisis  in  tlie  Industry   and  Effect  of  War 

We  come  now  to  the  saddest  time  for  Schneeberg  cobalt  mining.  In  1629  the  works 
requested,  instead  of  every  tenth  bucket,  that  they  should  give  every  twentfeth,  as  they 
could  not  get  ready  cash  for  their  cobalt  no  matter  how  cheap  they  were  willing  to  sell 
it.  This  request  was  repeated  in  1632,  and  at  the  same  time  they  petitioned  for  the 
establishment  again  of  a  fixed  contract.  This,  however,  considering  the  bad  position 
of  all  commercial  and  political  matters,  was  an  impossibility,  especially  as  all  the  foreign 
contractors  had  had  bad  experiences  with  their  contracts,  and  were  not  willing  to  bind 
themselves  for  any  length  of  time.  A  good  idea  is  given  of  the  conditions  and  the 
position  of  the  Schneeberg  cobalt  mining  at  this  time  in  a  report  of  the  chief  official 
of  the  mining  office  in  the  year  1631.  According  to  him  the  works  since  about  1628  had 
found  almost  no  sale  for  their  oxide,  because  the  Dutch  had  withdrawn  entirely  from 
this  trade,  and  they  were  the  one.s  that  had  bought  up  most  of  the  oxide  before.  More 
over,  the  war  had  been  spreading  all  the  time,  so  that  all  the  passes  in  the  mountains 
were  guarded,  and  all  trade  was  blocked;  The  works  had  sought  to  sell  their  goods 
themselves,  but  they  had  to  dispose  of  them  at  a  very  low  price,  and  at  a  loss.  Some- 
tjmes  they  were  not  paid  for  in  cash,  bv\t  in  ^oods,  which  they  could  not  sell  again 
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without  a  loss,  and  they  had  been  compelled  to  pay  their  workmen  in  the  mines  with 
cobalt,  which  they  had  to  sell  dirt  cheap  in  Bohemia  in  order  not  to  die  of  hunger.  It 
was  true  that  a  decree  had  been  made  that  the  workmen  were  to  be  paid  with  money, 
but  there  was  so  little  of  it  in  the  country  that  they  were  afraid  that  if  this  decree  was 
observed  the  mining  must  be  stopped  altogether.  In  addition  to  this  misfortune  it  seems 
that  about  this  time  Schneeberg  suffered  directly  in  the  war.  In  1632  the  Groatians 
swept  down  on  Schneeberg,  took  the  town  and  sacked  it  and  rained  many  of  the  mines. 
At  that  time  the  population  of  Schneeberg  was  only  about  2,000,  whereas  it  had  been 
over  3,000  in  the  year  1600.  In  consequence  of  the  lack  of  money  they  had  neglected  to  carry 
on  the  necesasry  repairs  in  the  adits,  and  as  a  result  many  of  the  mines  were  flooded. 
The  deepest  adit  caved  in  about  that  time,  and  they  were  not  able  to  mine  any  more 
in  consequence  of  an  inrush  of  water,  and  the  production  of  cobalt  fell  off.  It  is 
believed  that  shortly  after  this  there  was  not  a  single  mine  in  Schneeberg  which  made 
any  profit,  as  at  the  very  most  they  could  only  get  about  25  groschen  for  a  bucket  of  ore^ 
while  the  mining  of  it  cost  a  florin  or  more,  and  in  addition  to  that  they  had  to  pay 
some  tax.  The  only  exceptions  to  this  were  three  mines,  which  made  a  little  because 
they  had  some  bismuth. 

THE  PROSPEROUS  TIME  FOR  THE  SAXON  BLUE  COLOR  WORKS 

After  the  year  1628,  instead  of  a  fixed  contract  the  cobalt  works  were  allowed  to 
deal  with  their  ore  as  they  wished,  without  improving  the  position  of  affairs  at  all. 
We  have  seen,  moreover,  that  the  conditions  for  mining  just  at  this  very  time  were 
exceptionally  bad.  The  production  of  the  mines  had  sunk  considerably,  and  did  not  begin 
to  increase  until  after  the  forties.  This  was  brought  about,  as  we  saw,  by  the  deprecia^ 
tion  of  the  coinage.  That  and  the  blocking  of  all  trade  with  foreign  countries  because 
of  the  war,  and  the  other  devastations  which  the  war  brought  with  it,  had  brought  the- 
Schneeberg  mining  into  a  desperate  state,  from  which  there  did  not  seem  to  be  any 
escape.  This  unfortunate  period  had  caused  most  of  the  works  to  see  that  their  position' 
was  better  under  the  cobalt  contracts  which  they  had  fought  so  hard  against,  even 
although  they  did  not  receive  the  principal  advantage  themselves,  which  went  rather  to 
the  contractors,  because  when  they  had  open  dealing  and  the  times  were  uncertain  the 
works  which  lacked  capital  depended  altogether  on  foreign  dealers.  Moreover  the  worst 
of  the  storm  of  war  was  past.  It  is  true  that  in  1642  Schneeberg  was  sacked  again 
by  the  Swedes,  but  on  the  whole  more  peaceful  times  were  dawning,  and  moreover  the 
cobalt  mines  had  been  producing  better  ore  for  some  time.  As  the  result  of  all  these 
causes  a  gradual  wish  began  to  be  expressed  for  a  general  contract  and  the  establishment 
of  color  works  in  Saxony,  a  plan  which,  if  successful,  would  probably  give  cobalt  mining 
a  sounder  foundation  than  the  sale  of  cobalt  and  oxide  to  foreign  dealers.  Some  offers 
were  made  by  different  parties  which  were  not  acecpted,  as  there  was  no  guarantee  that 
they  would  be  able  to  carry  out  the  contracts,  and  after  some  considerable  discussion 
and  negotiation  the  Prince  summoned  the  principal  officials  of  the  mining  office,  the- 
civic  officials  and  whatever  contractors  were  willing  to  bid,  to  meet  together  and  lay 
their  proposals  before  him,  to  see  if  they  could  make  a  contract  by  which  the  works 
could  sell  a  fixed  amount  of  good,  medium  and  low-grade  cobalt,  the  payment  to  be 
in  cash,  according  to  the  assays  of  the  ore.  The  small  works,  too,  which  could  only  mine 
a  little  cobalt,  were  to  receive  consideration,  and  moreover  all  the  wages  were  to  be 
paid  in  money,  and  not  with  color  or  cobalt.  The  sale  of  cobalt  to  Joachimsthal  in 
Bohemia  was  to  be  absolutely  foVbidden,  and  if  they  did  not  succeed  in  closing  a  con 
tract  the  Prince  was  to  receive  a  report  as  to  how  far  they  advanced,  together  with  advice 
as  to  what  should  be  done  in  the  meantime.  Before  these  officials  had  finished  the  task 
set  them  by  the  Prince  an  advance  was  made  towards  this  goal  from  another  quarter. 
In  March,  1641,  the  Hamburg  dealer,  Hans  Friese,  made  a  private  contract  with  six 
of  the  cobalt  mineu  in  Schneeberg.  This  agreement  was  filed  in  the  mining  office >  and 
it  contained  express  provision  that  the  contract  should  be  cawceWftd  vmxiift^\^\^'^  ^^ 
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Prince  succeeded  in  making  a  new  one.  The  substance  of  it  was  as  follows:  Frieie 
was  to  take  from  the  works  in  question  for  three  years  800  cwt.  of  cobalt,  and  was  to 
pay  them  in  cash  immediately  on  delivery  at  the  rate  of  two  thalers  and  six  groscheo; 
the  works  could  receive  a  part  of  their  pasrment  from  Friese  in  goods  and  should  the 
works  mine  more  cobalt,  this  excess  was  to  be  offered  to  Friese  first,  and  if  he  did  not 
wish  to  take  it  they  could  sell  it  iu  any  way  they  liked.  The  cobalt  should  be  pure  and 
thoroughly  cobbed  out,  without  any  hornstone,  slate  or  pyrites.  The  first  delivery  wii 
to  be  made  at  Easter,  1641,  and  then  every  six  weeks  following — smaller  contracts  wert 
made  by  others  with  different  mines.  In  the  meantime  the  officials  who  had  been  commiA- 
sioned  by  the  Prince  to  make  a  contract  had  not  been  successful.  This  was  due  chiefly  to 
the  opposition  of  Hans  Burkhardt,  and  therefore  the  mining  office  ordered  that  a  tem- 
porary contract  should  be  made,  and  for  this  temporary  contract  Hans  Friese  and  Schnorr 
made  a  bid.  Schnorr,  had,  a  short  time  before  that,  built  a  small  color  mill,  and  wished 
to  work  up  the  Schneeberg  cobalt  there,  and  he  stated  that  he  was  willing  to  contract 
for  a  year  on  condition  that  during  this  time  no  blue  color  work  should  be  built  in 
Saxony.  This  contract  was  actually  agreed  on  between  these  two  and  twenty-three  of 
the  works.  In  consequence  of  this  further  development  of  matters,  Burkhardt  gave 
up  his  former  opposition  and  declared  that  he  was  willing  to  take  part  in  the  contract 
on  condition  that  he  should  receive  permission  to  erect  a  blue  color  works.  The  only 
opposition  now  was  from  Rohling,  one  of  the  contractors.  He  said  that  he  had  made 
a  former  contract  with  some  of  the  Dutch,  which  he  must  adhere  to,  as  the  Dutch  dealers 
had  made  him  an  advance,  and  if  he  cancelled  the  contract  the  money  would  have  to  he 
refunded.  After  his  contract  had  lapsed  he  said  he  would  be  willing  to  join.  The 
mining  office,  however,  believed  that  it  was  not  necessary  to  pay  any  attention  to  him, 
as  his  contract  with  the  Dutch  dealers  was  not  recorded  in  the  mining  office,  and  wai 
therefore  not  binding. 

Local  Customs  Works,  1642 

As  a  result  of  the  conference,  lasting  several  days,  between  the  Prince  and  three  of 
the  contractors,  namely,  Friese,  Schnorr  and  Burkhardt.  an  agreement  was  made  which 
embraced  all  the  Schneeberg  works.  It  contained  the  following  points:  The  agreement 
was  between  all  the  works  which  existed  at  Schneeberg  and  Neustadtlein  and  the  con- 
tractors Hans  Burkhardt,  Hans  Schnorr  and  Hans  Friese,  and  made  with  each  of  the 
three  individually  and  not  jointly,  for  a  period  of  six  years.  The  three  contractor! 
above-mentioned  were  to  take  from  all  the  works,  including  the  Prince's  and  their  own, 
yearly  a  quantity  of  2,400  hundredweight,  and  they  were  to  pay  according  to  samples 
which  wero  to  bo  kept  in  the  mining  office.  The  payment  was  to  be  in  good  money  and 
at  the  rate  of  3  thalers  18  groschen  per  hundredweight  for  No.  1  grade,  2  thalers  18 
gros.  for  No.  2,  and  2  thalers  for  No.  3.  Cobalt  ore  which  was  better  than  these  three 
grades  or  not  equal  to  it,  should  be  paid  by  the  contractors  according  to  the  decision 
of  the  miiiinfr  office.  Each  of  the  contractors  was  to  take  800  hundredweight.  The 
mines,  on  their  part,  were  required  under  penalty  of  a  heavy  fine,  to  refrain  from  deal- 
ing: in  cobalt  or  oxide  with  any  one  else  during  the  period  of  this  contract.  If  one  of 
the  contractors  should  die  his  heirs  wonld  be  bound  to  carry  on  the  contract  until  it 
expired.  Fricso  had  permission  to  export  his  cobalt,  Burkhardt  was  allowed  to  bnild 
a  color  mil]  in  Saxony,  and  Schnorr  was  to  be  also  allowed  to  build  one  there  and  work 
lip  h\<  C'»h;ilt.  The  a^ror'niciit  was  finally  confirmed  by  the  Prince  in  1642,  and  a  decree  was 
nuuh' anrainst  (•n})alt  snmor<zlinc:.  In  this  decree  every  sale  of  cobalt  in  violation  of  the 
agreement,  (^^pccially  the  sjilo  into  Bohemia,  was  to  he  punished  by  a  fine  of  500  florins, 
and  if  the  fine  could  not  ho  paid,  corporal  punishment  would  be  jsubstitut^d.  The  inform- 
ant would  rcroivo  ono  half  of  the  croods  which  were  confiscated  and  the  other  half  would 
ho  u^o(]  for  TuaiutcnaTU'o  of  the  adit  in  Schnor'horp;.  In  accordance  with  the  royal  per- 
mission, Hans  Burkhardt  settled  in  Oborschlema,  near  Schneeberg,  whore  he  had  picked 
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oat  a  site  for  his  color  mill.  It  is  true  there  was  some  opposition  from  the  town  coancil 
of  Schneeberg,  which  regarded  this  as  an  encroachment  on  their  rights  and  jurisdiction, 
bat  on  account  of  the  concession  granted  by  the  Prince  it  was  allowed  to  stand. 

This  new  contract  soon  met  with  difficulties  which  endangered  its  permanence.  At 
the  very  outset  the  works  and  the  contractors  were  in  dispute  about  the  assessing  of  the 
cobalt  according  to  the  assays  that  were  made.  The  contractors  complained  that  the 
mining  office  assessed  the  samples  which  were  better  than  No.  1  too  high,  and  that 
they  had  introduced  intermediate  payments.  The  Prince  decided  that  these  intermediate 
valuations  should  not  be  used,  and  threatened  with  severe  punishment  those  who  did  not 
obey.  The  samples  which  were  better  than  No.  1  should  be  graded  as  No.  1,  and  those 
which  were  better  than  No.  2  but  not  quite  so  good  as  No.  1,  should  be  graded  as  No,  1. 
If  the  differences  were  much  greater,  then  they  were  to  be  paid  according  to  the  nez1»- 
loweet  grade,  and  all  ore  which  was  not  up  to  No.  3  grade  need  not  be  pai9  for  at  all 
by  the  contractors.  The  works  were  advised  that  by  care  they  would  almost  always 
reach  that  grade.  The  Prince  also  warned  them  that  they  must  keep  the  contract  or 
they  would  not  find  any  one  to  buy  their  cobalt. 

A  more  serious  danger  threatened  the  industry  in  the  following  year.  This  was  due 
to  the  dc^th  of  Hans  Friese.  According  to  the  terms  of  the  contract  his  heias  were  bound 
to  carry  it  on,  and  as  a  matter  of  fact  his  widow  tried  this,  but  on  account  of  lack  of 
capital  she  was  unable  to  carry  out  her  obligations,  and  finally  one  of  the  principal 
creditors,  Oehme  of  Leipzig,  took  over  Friese's  contract.  A  few  years  later,  in  1647, 
after  the  expiry  of  the  contract,  which  was  made  in  1641,  all  the  success  that  had  been 
achieved  hitherto  was  jeopardiEed.  Burkhardt  refused  most  positively  to  make  a  new 
contract,  even  although  the  Prince  threatened  him  if  he  persisted  in  his  refusal  to  cancel 
his  right  to  have  blue  color  works,  but  Schnorr  and  Oehme  stated  that  without  Burk- 
hadt's  assistance  they  were  not  in  a  position  to  buy  all  the  cobalt  from  all  the  mines, 
and  they  would  therefore  make  provisional  contracts  with  individual  works.  The  works 
on  their  side,  were  not  satisfied  with  that,  and  requested  again  for  permission  to  have 
open  dealing,  as  they  could  not  get  any  other  contractors.  The  Prince  against  his  wiU 
granted  their  request  and  allowed  for  a  short  time  open  dealing  again,  with  the  excep- 
tion, however,  that  all  trade  with  Bohemia  was  prohibited,  because  the  Bohemian  works, 
on  account  of  the  scarcity  of  their  ore,  were  only  able  to  exist  with  the  help  of  the  Saxon 
cobalt,  which  was  of  better  quality.  They  then  competed  with  Saxony  in  the  color 
business.  Not  very  long  after  this  another  individual  named  Schindler,  purchased  a 
site  in  order  to  build  blue  color  works,  alid  in  conjunction  with  the  mining  office  and 
with  the  Prince's  permission,  he  stated  his  willingness  to  enter  into  a  contract.  Finally 
an  agreement  was  made  for  six  years  in  1649,  according  to  which  the  four  owners  of  the 
four  Saxon  color  works,  namely,  Burkhardt,  Ohme,  the  widow  of  Schnorr  and  Schindler 
were  associated.  The  amount  of  cobalt  which  they  agreed  to  take  yearly  was  the  same 
as  before,  namely,  2,400  hundredweigth.  The  price  remained  the  same  as  before,  with 
the  exception  that  one  higher  grade  was  introduced  which  was  called  No.  1  and  was  paid 
at  the  rate  of  four  thaler  6  groschen  per  cwt.  In  all  other  points  this  agreement  was  the 
same  as  the  previous  one.  Each  one  of  the  contractors  was  to  take  600  hundredweight 
yearly.  Both  the  works  and  contractors  were  forbidden  most  strictly  to  deal  either  in 
ore  or  oxide  with  Bohemia,  and  all  the  pearl  ash,  that  is  potassium  carbonate,  which 
was  produced  in  Saxony  was  to  be  delivered  to  the  four  works  in  equal  portions.  This 
contract  was  ratified  by  the  Prince  in  1649. 

Contract  of  1649 

By  this  means  a  fixed  and  certain  contract  was  brought  into  existence  again.  In  the 
place  of  frequently  changing  foreign  contractors,  four  subjects  of  Saxony  acted,  each  of 
whom  was  in  possession  of  a  color  mill,  and  therefore  had  an  interest  in  the  preservation 
and  continuation  of  the  contract.  The  only  one  who  had  previously  been  opposed  to  this 
was  Hans  Burkhardt  because  he  was  able  without  any  contract  to  ^\\p"^\^  \v\^  -wotVa  ^^V^Jti 
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his  own  cobalt  ore.  Thanks  to  the  energetic  efforts  of  the  Prince  and  hia  offidib 
Burkhardt  finally  yielded.  It  is  true  that  some  concessions  were  made  to  him  in  the  nev 
contract.  It  was  therefore  of  great  importance  that  in  the  year  1661  the  Crown  Prinet, 
Johann  George,  came  into  possession  of  the  Oberschelma  works  and  Burkhardt' s  cobstt 
mines.  Burkhardt  had  died  without  heirs  and  relations,  and  in  his  will  he  had  left  to 
the  Prince  his  four  mines  and  all  his  works.  The  only  reason  that  he  gave  for  this  was 
that  the  mining  and  the  color  business  might  remain  as  it  was.  By  this  means  the  Priim 
had  more  direct  interest  in  the  mining  and  color  industry  than  he  had  before.  At 
the  same  time  a  request  came  from  some  foreign  company  that  they  should  receiye  per- 
mission for  the  erection  of  blue  color  works.  The  four  contractors,  of  course,  oppoidl 
this  and  requested  that  for  a  period  of  twelve  years  no  new  color  works  should  be  bnilt 
in  Saxony.  They  stated  that  the  production  would  be  overdone  if  further  concession! 
were  given,  and  the  individual  works  would  only  ruin  one  another.  They  stated  thit 
there  was  an  example  of  this  in  Bohemia,  where  after  the  erection  of  several  mills,  th^y 
had  all  been  ruined  except  one,  and  moreover  they  stated  that  the  pearl  ash  which  wti 
produced  in  Saxony  was  not  sufficient  for  the  four  works  which  existed.  They  had  to 
import  two  thirds  of  their  pearl  ash  from  Bohemia. 

The  mining  office  agreed  with  this  request  of  the  contractors  for  the  reasons  givts 
above,  ahd  mdvised  granting  a  concession  for  twelve  years  on  the  condition  that  the 
contractors  after  the  expiry  of  this  contract  should  be  willing  to  make  a  new  one.  It 
was  certainly,  under  these  circumstances,  a  good  thing  for  the  other  proprietors  of  color 
works  that  the  Prince  himself  was  interested  in  one  of  the  four.  After  some  hesitation 
apd  urging  on  the  part  of  the  mining  office,  the  Prince  agreed  that  no  new  rights  to 
build  any  color  works  should  be  given  in  Saxony.  On  their  part  the  contractors  were 
bound  not  only  to  keep  the  present  contract  strictly,  but  after  its  expiry  to  make  a  new 
one  under  more  reasonable  conditions  "in  order  that  the  work  which  had  so  well  begun 
should  come  down  to  posterity  and  flourish  in  vigor." 

We  see  that  by  this  means  the  foundations  were  laid  for  an  industry  which  has 
lasted  to  the  present  time,  for  after  the  twelve  years  had  lapsed,  although  there  were 
some  attempts  to  build  new  works  in  Saxony  the  four  works  that  existed  at  this  time 
were  rooted  so  firmly  that  every  attempt  to  encroach  on  their  privileges  was  bound  to 
faU. 

CONCLUSION 

The  Period  from  1653  to  the  Present  Time 

According  to  the  agreement  mentioned  above  there  were  four  works,  each  of  which 
was  bound  to  take  a  certain  quantity  of  ore  yearly.  One  of  these  works  was  considered 
as  a  double  one,  and  therefore  the  whole  quantity  was  divided  into  fifths.  The  Ober- 
schlema  work  was  the  double  one.  It  will  be  noticed  that  one  of  these  works  belonged 
to  the  Prince  and  the  other  three  were  private.  The  three  private  works,  which  hid 
been  originally  quite  independent,  in  the  course  of  time  gradually  came  out  of  the 
control  of  single  individuals  into  companies,  which  became  more  closely  related  to  one 
another.  As  far  back  as  1659  the  holders  of  the  different  works  were  agreed  on  the 
following  points : 

1 .  All  the  works  bind  themselves  to  a  fixed  price  for  color  below  which  no  color  mty 
be  sold.  The  common  color  cost  6  thalers  per  cwt.  and  the  best  color  10  thalers  at  the 
works.  At  Leipzig  it  was  half  a  thaler  per  cwt.  higher,  and  increased  with  the  distance 
from  the  works. 

2.  Xono  of  the  works  during  the  period  of  the  contract  was  to  make  more  than  24 
cwt.  of  color  weekly. 

3.  Each  of  the  works  had  to  brand  its  casks  of  color  with  a  certain  brand  in  order 
that  they  could  distinguish  their  domestic  color  from  the  foreign  or  Bohemian. 

Later  on,  in  1845,  the  three  private  works  were  amalgamated  into  one  and  concen- 
trated    at    Niederpfannenstiel.     Tlae   work^  W\t>Tv^\tv^  to    the  State    at  Oberschlems 
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remained  as  it  was.  Both  these  combinations  are  in  union  and  form  the  so-called  blue 
color  trust.  This  owns  all  the  Schneeberg  mines,  as  well  as  the  mine  and  works  at 
Modum  in  Norway.  Between  the  two  works  the  old  arrangement  with  regard  to  the 
disposition  of  the  cobalt  and  the  sale  of  cobalt  still  exists,  riz.  two-fifths  and  three- 
fifths.  In  all  matters  concerning  the  cobalt  business  they  act  in  concert  and  exchange 
.experiences,  and  experiments  are  undertaken  at  the  common  expense. 

Leaving  Bruchmueller's  work  and  turning  to  the  annual  official  reports  it  appears 
that  the  two  works  employed  last  year  265  men,  including  office  staff,  and  that  the 
product  amounted  to  about  674  tons  in  weight  and  about  $836,000  in  value.  (Jahrbuch 
fuer  Berg  und  Huettenwesen). 

Present  State  of  Mining  in  tlie  District  of  Sclineebers:,  Saxony 

The  chief  characteristics  of  the  vein  systems  are  given  on  preceding  pages  (61,  63). 

Taking  the  only  mines  which  have  any  production  at  all  worth  mentioning,  and 
looking  at  the  reports  of  the  last  ten  years  or  so,  it  is  evident  that  the  character  of  the 
vein  filling  has  changed  since  the  early  days.  Bismuth  now  occupies  an  important 
position,  as,  wherever  the  contents  of  ore  are  given  the  percentage  of  bismuth  stands 
high.  Quotations  from  the  Annual  Reports  show  this.  (See  Jahrbuch  fuer  Berg  und 
Huettenweeen  in  Koenigreich  Sachsen).  Silver  is  quite  insignificant  in  amount,  less 
than  two  per  cent,  of  the  value  being  credited  to  this  metal.  Thus  in  the  report  of 
1883  (later  reports  give  the  value  of  silver,  cobalt,  nickel  and  bismuth  together).  The 
mmount  assigned  to  silver,  etc.,  reduced  to  our  currency,  is  as' follows:  — 

Silver    $2,700  00 

Cobalt,   nickel  and  bismuth   167,836  00 

Uranium    1,666  00 

Quarts,   specimens   and  tailings    1,080  00 

Total  $162,781  00 

In  the  report  of  1906: 

Silver,  cobalt,   nickel  and  bismuth   $148,581  00 

Quartz,    specimens,   etc 1,855  00 

Total    $150,336  00 

The  value  per  ton  was  about  $570. 

The  result  of  all  the  development  work  being  carried  on  now,  consisting  of  drilling, 
drifts,  cross  cuts,  rises,  and  sinking, — in  short,  trying  in  every  way  to  open  up  veins  known 
to  be  productive  formerly  or  discover  new  ones, — is  that  here  and  there  a  rather  small 
body  of  good  pay  ore  will  be  found.  Evidently  the  early  productive  period  is  long  past. 
Occasionally  they  encounter  difficulties  due  to  striking  old  excavations,  with  accumula- 
tions of  water  or  to  the  caving  in  of  old  work.  Most  of  the  work  appears  to  be  carried 
on  a  depth  of  less  than  1,000  feet. 

Below  are  given  translations  of  extracts  from  the  Annual  Reports,  extending  back 
about  ten  years.  The  reports  are  all  on  one  mine,  or  rather,  group  of  mines  which  was 
referred  to  above  as  being  the  only  one  of  any  importance.  It  is  called  Vereinigt  Kobalt- 
feld.  About  half  a  dozen  veins  are  mentioned  throughout  the  reports.  Some  of  these 
were  exploited  in  the  early  period  of  mining  in  that  district. 

In  the  report  of  1893 : 

"On  the  Junge  Zeche  Spat,  (one  of  the  most  productive  veins  in  recent  times)  in  a 
drift  of  about  280  feet  in  length  for  a  distance  of  83  feet,  solid  bismuth  ore  sometimes 
ten  inches  wide  with  30  to  60  per  cent,  bismuth  was  found,  also  concentrating  ore  along 
a  distance  of  183  feet.  The  minerals  were  bismite,  native  bismuth,  smaltite,  chloan- 
thite,  native  silver,  ruby  silver,  argentite,  galena  in  vugs  with  mimetite  Carsetvvi^V  \»^^ 
chloride),  eulytite  (silicate  of  bismuth),  cobalt  bloom,  chaVcop-jtM^,  c^c^iVci^wiVt^,  ^.'tA 
cinnabar." 
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"The  most  important  strike  in  the  whole  district  was  made  on  a  vein  which  wis 
16  to  24  inches  wide  and  carried  very  rich  bismuth  cobbing  ore  for  52  feet  in  length  and 
then  concentrating  ore  for  296  feet.'' 

**A  body  of  ore  45  feet  long  with  a  considerable  amount  of  roselite  (lime  cobalt  arsen- 
ate) was  found." 

In  report  of  1900 : 

''Exploration  of  the  most  improtant  Teip,  Junge  Zeche,  was  undertaken.  The  pro- 
ductive portion  of  the  vein  ended  at  a  depth  of  about  830  feet  from  the  surface.  (Thia 
was  the  case  with  most  of  the  veins)." 

Report  of  1901 : 

''In  a  crosscut  770  feet  from  the  shaft  a  strike  of  rich  bismuth  ore,  sometimes  with 
disseminated  ruby  silver,  also  cobalt  bismuth  ore  associated  with  pitchblende  (uranium 
ore)  and  niccolite  was  made." 

"A  strike  was  made  in  the  granite?  over  230  feet  from  the  slate  contact,  of  rather 
a  large  bunch  of  bismite,  with  native  bismuth.  Near  the  contact  the  bismuth  ore  was 
richer  and  was  ten  inches  wide." 

"Another  strike  was  made  in  a  drusy  quarts  vein  over  three  feet  wide  where  solid 
cobalt  nickel  ore  was  found  on  the  hanging,  and  bismuth  on  the  footwall." 

Report  of  1902: 

"Junctions  of  veins  proved  especially  rich  in  native  bismuth.     Along  with  bunches 
.(  bismuth  ores  were  associated  cobalt-nickel  ores  and  uranium." 

Report  of  1903 : 

"From  an  area  of  vein  surface  of  about  270  square  yards  about  fifteen  tons  contain- 
ing 19  per  cent,  bismuth,  4.3  per  cent,  cobalt  and  2  per  cent,  nickel  was  taken,"  (the 
width  of  the  vein  not  given  in  this  case).  "Another  ore  body  containing  20.6  per  cent, 
bismuth  and  3.6  per  cent,  cobalt  was  found.     The  contact  again  proved  favourable." 

''In  a  vein  44  inches  wide  bunches  of  bismuth  ore  occurred." 

Other  strikes  mentioned  contained  7.3  per  cent,  bismuth,  5.6  per  cent,  cobalt: 
another  33.9  per  cent,  bismuth,  2.6  per  cent,  cobalt,  and  1.3  per  cent,  nickel 

1904  report : 

"Strike  was  made  24.2  per  cent,  bismuth,  and  4.1  per  cent,  cobalt." 

"A  stringer  was  found  containing  pucherite  (vanadanate  of  bismuth)  showing 
throughout  all  the  ore." 

Report  of  1906 : 

"Strike  of  ore  was  made  25  feet  long  (width  not  given)  with  21.4  per  cent,  bismuth 
and  2  per  cent,  cobalt.  Another  strike  of  bismuth  ore  of  shipping  quality  28  feet  in 
length  and  about  35  feet  of  concentrating  ore.  The  vein  was  about  20  inches  wide,  con- 
sisting of  quartz,  hornstone  with  bands  of  bismuth  ore  and  contained  28.6  per  cent, 
bismuth  as  taken  out." 

These  rare  minerals  and  their  associations  are  mentioned  in  order  that  those  inter- 
osted  in  the  Temiskaming  district  may  look  up  the  descriptions  of  the  various  minerali 
and  be  on  the  watch  for  them. 

It  is  remarkable  that  of  all  the  metal  mines,  some  hundreds  in  number,  which  once 
produced  ore  in  Saxony,  and  which  played  such  an  important  part  industrially,  and 
also  technically,  in  the  development  of  the  art  of  mining,  concentration  and  smelting, 
the  cobalt-bismnth-silver  mines  of  to-day  are  the  only  one  which  are  not  operated  at  » 
loss. 


•The  granite  Is  younger  than  the;  8chi.«5ts  in  which  the  veins  are  found,  and  underlies  them. 
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THE  SUDBURY  NICKEL  REGION 

BY  A.  P.  COLEMAN 

Introduction 

During  the  past  three  summers  field  work  has  been  carried  on  by  the  Bureau  of 
Mines  of  Ontario,  in  the  Sudbury  nickel  region,  with  the  object  of  determining  in 
detail  the  boundaries  of  the  nickel-bearing  rock^  and  of  examining  the  geological 
relationships  of  the  known  ore  bodies,  special  attention  being  given  to  working  mines. 
The  field  work  and  the  preparation  of  the  previous  reports  on  this  region,  as  well  as 
of  this  final  report,  have  been  entrusted  by  Mr.  T.  W.  Gibson,  Director  of  the  Bureaa 
of  Mines  of  Ontario,  to  the  present  writer.  It  is  intended  that  this  report  shall  sum 
up  as  completely  as  may  be  our  knowledge  of  the  geology  of  the  region,  of  its  ore 
deposits  and  minerals,  and  of  the  mines  which  have  been  operated. 

The  field  work  has  been  done  by  the  writer  and  various  assistants,  especially  Mr. 
M.  T.  Culbert,  who  deserves  particular  mention  for  his  quickness  of  apprehension  and 
skill  ae  a  field  geologist.  The  compilation  of  the  accompanying  maps  also  is  mainly 
the  work  of  Mr.  Culbert,  though  much  assistance  has  been  obtained  from  the  officers 
of  the  Surveys  branch  of  the  Department  of  Grown  Lands,  who  furnished  copies  of 
the  township  maps  of  the  region;  and  from  the  work  of  Drs.  Robert  Bell  and  A.  E. 
Barlow,  of  the  Geological  Survey  of  Canada,  whose  published  maps  have  been  of  the 
greatest  assistance. 

The  surface  plans  of  mines  have  been  made  partly  by  myself  and  my  acisistants, 
taking  advantage,  however,  of  any  existing  plans  furnished  by  mine  managers  or  sur- 
veyors. The  plans  of  underground  workings  have  been  provided  mainly  through  the 
courtesy  of  mine  owners  and  managers.  In  the  preparation  of  these  plans  for  publi- 
cation Mr.  W.  E.  H.  Carter,  until  lately  Secretary  of  the  Bureau  of  Mines,  has  been 
very  helpful. 

Valuable  aid  has  been  given  by  prospectors,  miners  and  others  connected  with  the 
nickel  mining  industry  in  all  parts  of  the  region,  but  special  thanks  are  due  to  Mr. 
A.  P.  Turner,  President  of  the  Canadian  Copper  Company,  and  Mr.  John  Lawson, 
who  has  charge  of  their  mines. 

The  Sudbury  nickel  field  has  long  been  known  as  the  most  important  source  of  that 
metal  in  America,  if  not  in  the  world,  but  the  work  of  the  last  three  years  has  brought 
rut  more  and  more  strikingly  the  unique  character  of  this  mining  region.  It  has  been 
proved  that  all  the  ore  deposits  of  any  economic  importance  are  at  or  near  the  out.^r 
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margin  of  a  huge  laccolithic  ahaet  of  eruptive  rock  a  mile  and  a  quarter  thick,  33 
miles  long  and  17  miles  wide.  This  sheet  is  now  in  the  form  of  a  boat  shaped  syncUne, 
with  its  pointed  end  to  the  southwest  and  its  square  end  to  the  northeast.  The  rock 
composiiig  this  sheet  is  norite  at  the  outer  (and  lower)  edge,  merging  into  granite 
or  grano-diorite  at  the  inner  (upper)  edge.  The  ore  bodies  are  round  the  margin 
ut  the  norite  or  along  dike-like  offsets  from  it,  and  have  evidently  segregated  from  the 
rock  while  still  molten,  though  they  may  have  undergone  later  rearrangement  by 
circulating  water. 

It  is  common  to  find  ore  deposits  associated  with  eruptive  rocss  in  such  a  way 
as  to  suggest  that  the  eruptive  furnished  the  ore;  but  in  a  large  majority  of  the 
examples  described  the  ores  themselves  have  been  transported  and  deposited  by  cir- 
culating water.  In  the  Sudbury  region,  however,  there  is  good  reason  to  believe  that 
the  ore  accumulated  at  the  edges  of  the  eruptive  sheet  while  it  was  still  fluid  enougic 
to  permit  the  segregation  and  sinking  of  the  heavier  ingredients,  probably,  in  part 
at  least,  under  the  action  of  gravitation.  At  a  later  time,  however,  there  was  in  many 
deposits  a  considerable  amount  of  water  action,  particularly  in  those  along  offsets. 
The  conditions  just  mentioned  are  of  very  great  interest,  both  from  the  geological  and 
the  economic  side,  and  the  evidence  regarding  them  will  be  given  in  detail  at  a  later 
stage. 

While  special  attention  was  paid  to  the  great  eruptive  sheet  and  its  ore  bodies, 
the  adjoining  rocks  also  have  been  collected  and  to  some  extent  carefully  studied  and 
mapped;  but  this  work  has  been  subordinated  to  the  main  object  of  the  investigation. 
It  has  been  found  that  everywhere  the  laccolithic  sheet  rests  on  ancient,  mainly  crystal- 
line, rocks  which  have  hitherto  been  mapped  and  described  as  Laurentian  and 
Huronian,  while  its  upper  surface  underlies  a  series  of  later  rocks  which  Dr.  Bell 
suggests  may  be  Cambrian  in  age.  This  inner  rock  series  consists  entirely  of  seBiments, 
mainly  ordinary  elastics,  such  as  conglomerate,  slate  and  sandstone,  but  near  the  base 
including  much  pyroclastic  materials,  volcanic  ash,  lapilli,  etc.  These  stratified  rocks 
have  been  bent  into  synclines  and  anticlines  during  the  formation  of  the  main  syn- 
cline.  The  underlying  more  ancient  rocks  present  much  less  regularity,  and  their  relation- 
Lhips  are  less  certain.  The  rocks  mapped  as  Huronian  are  chiefly  sediments  such  a^ 
rjuartzite  and  graywack^  tilted  into  positions  more  or  less  approaching  the  vertical, 
and  often  recrystallized  into  schists.  With  them  are  basic  eruptives  of  great  variety, 
including  lava  flows  and  an  older,  more  basic,  norite  than  that  of  \>ne  nickel-bearing 
rock.  The  rocks  mapped  as  Laurentian  include  granite  and  gneiss  younger  than  the 
Huronian,  but  older  than  the  nickel-bearing  eruptive  and  the  overlying  sediments. 
The  youngest  rocks  of  the  region  are  the  laccolithic  sheet  connected  with  the  nickel 
ores  and  certain  still  later  dikes  of  olivine  diabase  and  granite. 

It  will  be  seen  that  the  region  presents  a  wide  range  of  interesting  features  to  tbo 
mining  engineer  as  well  as  to  the  geologist,  and  the  recent  developments  in  the  way 
of  mining  operations  and  the  making  of  wagon  roads  and  railroads  enable  one  to  study 
its  southern  side  in  a  very  satisfactory  way ;  but  the  northern  half  is  still  forest  covered 
for  the  most  part  and  rather  inaccessible. 

The  mining  community  and  prospectors  are  accustomed  to  speak  of  two  nickel 
tanges,  the  main  or  southern  one,  and  the  northern  one.  Our  mapping  proves  that 
there  is  really  only  one  range,  which  is  continuous  with  the  outer  edge  of  the  sheet 
of  nickel-bearing  rock.  However  in  a  modified  sense  the  two  ranges  may  still  be  dis- 
tinguished, since  the  extreme  west  and  the  extreme  east  of  the  laccolithic  sheet  have 
not  yet  disclosed  ore  bodies  of  importance.  In  a  general  way  there  are  more  numerous 
and  larger  ore  bodies,  so  far  as  known,  on  the  southern  th]an  on  the  northern  rangs, 
though  there  is  great  irregularity  in  this  respect  on  both  ranges. 

As  will  be  shown  later  the  topography  of  the  region  has  very  close  relations  with 
the  arrangement  of  the  laccolithic  sheet  and  its  adjoining  rocks,  so  that  the  snrfaoa 
forma  of  the  area  give  aid  in  studying  its  geology. 

J  Mn  (ill.) 
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PREVIOUS  QEOLOQICAL  WORK  IN  THE  REGION 

Nickel  ore  wafi  first  found  in  what  is  now  the  Sudbury  district  in  1856  by  Murray 
10  obtained  it  near  the  present  Creighton  mine,  where  Salter,  an  early  land  surveyor, 
kd  noted  great  disturbance  of  the  compass.  Dr.  Sterry  Hunt  analysed  the  material^ 
iding  in  it  nickel  and  copper.'  No  further  discoveries  of  nickel  orea  were  mado 
itil  the  Canadian  Pacific  railway  was  constructed  in  1883,  when  the  ore  body  of  the 
urray  mine  was  disclosed;  and  in  the  following  year  the  Stobie,  Ck)pper  CKS  and 
her  deposits.  The  mineral  which  attracted  attention  was  however  the  copper  pyrites 
id  not  the  pjrrrhotite,  and  the  deposits  weie  valued  only  for  their  copper  contents, 
the  name  of  the  famous  ''Copper  Cliff'*  inine  suggests.  It  was  not  till  three  or  four 
ars  later,  when  some  thousands  of  tons  uf  ore  had  been  shipped  for  treatment  from 
e  latter  mine  that  the  value  of  the  nickel  ore  was  recognized.' 

In  the  Geological  Survey  report  for  1890  Dr.  BelPs  report  on  the  Sudbury  mining 
gion  appears  as  part  F,  including  the  results  of  his  field  work  from  1888  and  1890, 

well  as  those  of  Barlow  and  various  other  assistants;  and  in  the  same  year  the 
eport  of  the  Royal  Commission  on  the  Mineral  Resources  of  Ontario  contained  a 
imber  of  references  to  the  region  by  Dr.  Bell  and  others.3  In  the  following  year 
r.  Bell  contributed  an  account  of  the  ore  bodies  of  the  region  to  the  Report  of  the 
areau  of  Mines,4  and  the  same  volume  contained  the  first  statistics  of  the  production 

nickel  ore.  Since  then  the  nickel  contents  of  the  matte  have  been  reported  year  by 
)ar,  and  various  references  are  made  to  the  mines  and  their  geological  relationships 
J  mining  inspectors  and  geologists,  as  well  as  accounts  of  the  metallurgy  of  nickel  and 
8  value  in  the  manufacture  of  armor  plate,  etc.  It  was  in  1891  also  that  Garnier, 
le  discoverer  of  the  New  Caledonian  nickel  ores,  published  an  important  account  ol 
le  Sudbury  nickel  mines  ;5  while  in  the  following  year  another  French  mining  engineer,, 
!.  Levat,  described  the  treament  of  the  Sudbury  ores,  comparing  them  with  thoie 
:  New  Caledonia. 6 

In  the  same  year  the  real  character  of  the  nickel-bearing  rock  was  discovered  by 
aron  von  Foullon,  who  found  hypersthene  and  diallage  in  specimens  from  the  Murray 
ine,  proving  that  it  belonged  to  the  norite  variety  of  gabbro  instead  of  being  diorita, 
former  students  of  the  region  had  named  it. 7 

In  1893  the  present  writer  showed  that  the  country  rock  of  certain  nickel  deposits 
1  the  northern  range  contained  diallage  and  enstatite,  and  so  should  be  classed  with 
le  gabbro  family  ;B  and  somewhat  later  Dr.  T.  L.  Walker,  in  an  Inaugural  Dissertation 
I  the  Sudbury  Nickel  District,  proved  that  where  un weathered  the  nickel-bearing 
ck  contains  hypersthene  and  hence  is  norite,  as  von  Foullon  had  stated.  He  made 
lother  still  more  important  observation,  that  this  basic  rock  passes  by  insensible 
'adations  into  syenite  and  granite.9  The  present  writer  had  found  micropegmatite 
s(x;iated  with  the  nickel-bearing  rock  but  had  not  observed  that  the  one  passed  into 
e  other.  lo  To  Dr.  Walker  belongs  also  the  credit  of  first  lecognizing  the  field  relation* 
ips,  showing  that  the  transition  from  norite  to  pegmatite  was  from  southeast  to 
»rthwest  near  the  Murray  mine;  but  in  the  reverse  order  near  On  aping,  so  that  the 
sic  edge  was  on  opposite  sides  of  the  two  nickel  ranges. 

That  the  ore  is  really  a  very  basic  segregation  from  the  margin  of  the  eruptive 
ass  with  which  it  is  associated  was  brought  out  in  1894  by  Dr.  Adams,  who  followed  the 
eory  proposed  by  Vogt  for  the  Scandinavian  nickel  deposits." 


tOeol.  Bur.  Can.,  1853^,  pp.  180  and  189.  3  Pp.  23,  67-8,  88.  100.  404-&  and  433^. 

«  Bee  Dr.  Bell  in  Bur.  Vines.  1891.  p.  89  4  Pp.  88-90. 

sVem.  800.  des.  Ing.  OivilB.  1891. 

6  An.   def  Mines.   1892,  Tome  I.   2   LiTraison;  tee  also  translation   in   Bar.   Mines,    1892.  pp. 

L   ete. 
7Jabr-b.  d.  k.  k.  geol.  BeiotasanBtalt.  Vienna.  1892,  pp.  223-310. 

8  Books  of  Olear  lake  near  Sndbnry.  Can.  Reo.  Be..  Apr.  1893.  p.  344. 

9  0nar.  Jour.  Oeol.  8oe..  Vol.  LIII.  pp.  40-46. 
loOan.  Reo.  So.,  1893,  p.  345. 
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In  1901  Dr.  Barlow  gave  a  brief  account  of  the  rocks  of  a  portion  of  the  eoathen 
nickel  range,  in  which  he  described  excellently  the  norite  and  its  gradation  into  micro- 
pegmatite."  Later  his  large  scale  maps  of  the  Copper  Cliff  and  Victoria  mines  regiont 
have  appeared,  and  a  further  summary  report  on  rocks  of  the  region  in  1902.13  In 
the  latter  year  the  first  detailed  report  of  the  Bureau  of  Mines  waa  prepared,  taking 
up  especially  the  working  mines  of  the  southern  range,  of  which  maps  and  plans  were 
published;  and  in  1903  the  work  of  mapping  the  northern  nickel  range  was  nearly 
completed.  M. 

In  1904  Dr.  Barlow's  admirable  final  report  on  the  region  was  published  as  Pari 
H  of  the  Geological  Survey  report  for  that  year.  It  is  much  the  most  complett 
account  of  the  region  yet  given,  and  should  be  referred  to  by  anyone  desiring  a  fuO 
knowledge  of  the  geology,  and  also  of  the  economic  development  of  the  Sudbury  dis- 
trict.    Several  useful  maps  of  parte  of  the  district  are  published  with  the  report. 

In  the  foregoing  review  of  the  literature  of  the  subject  only  reports  and  papers 
of  a  geological  nature  have  been  referred  to.  Many  papers  have  been  published  on  the 
mineralogy,  metallurgy,  and  mining  of  the  district;  but  these  will  be  noted  in  later 
portions  of  this  report. 

It  will  be  seen  that  the  region  has  attracted  much  attention  and  has  been  studied 
in  whole  or  in  part  by  many  geologists.  It  was,  however,  a  very  difficult  region  *or 
geological  work  in  earlier  days,  being  rugged  and  forest  covered,  and  in  most  parts 
unprovided  with  the  canoe  routes  which  facilitate  geological  work  in  so  many  parts 
ci  northern  Ontario.  The  real  field  relationships  could  only  be  determined  by  following 
up  in  detail  the  basic  edge  of  the  eruptive,  thus  proving  that  it  is  continuous  and  not 
merely  a  series  of  larger  or  smaller  bands  of  bafiic  eruptive  rock. 

The  map  constructed  by  Dr.  Bell  and  his  assistants  was  in  some  respects  surprisingly 
accurate  and  served  an  excellent  purpose  in  its  time,  though  later  work  under  mor; 
favorable  conditions  has  thrown  new  light  on  many  points  and  has  given  the  clue  to 
the  general   relationships. 

TOPOGRAPHY 

The  topography  of  the  Sudbury  district  is  very  closely  bound  up  with  ite  geology, 
the  great  laccolithic  sheet  especially  influencing  the  land  forms.  The  ancient  Huronian 
and  Laurentian  rocks  outside  the  eruptive  sheet  have  a  varied,  but  generally  nigged 
And  hilly,  surface,  the  harder  quartzites  and  granites  rising  as  steep  hills  or  ridges, 
while  the  softer  rocks  make  the  low  ground,  largely  covered  with  old  lake  deposits  or 
by  lakes  and  swamps. 

The  nickel-bearing  eruptive  varies  considerably  in  different  parts,  and  these  varia- 
tions express  themselves  in  very  different  types  of  topography.  The  basic  phase  of 
the  rock  yields  readily  to  weathering,  while  the  acid  phase  is  a  very  resistant  rocK. 
The  basic  edge  has  had  little  effect  on  the  rocks  with  which  it  is  in  contact,  the  soK^Hed 
Huronian  and  Laurentian,  so  that  the  topography  outside  the  basic  edge  depends  on 
original  differences  in  the  character  of  the  Archean  rocks  themselves.  On  the  oth«*7 
hand  the  acid  edge  has  powerfully  metamorphosed  the  overlying  sediments,  tarmn^ 
them  into  very  crystalline  and  durable  rocks.  Half  a  mile  inward  from  the  add  edge 
the  tuffs  and  slates  are  much  softer ;  but  in  the  centre  of  the  syncHne  there  are  thick 
sandstones  of  a  more  resistant  nature  than  the  slate. 

The  relationships  just  sketched  furnish  an  explanation  of  most  of  the  topographic 
featui^,  which  may  now  be  discussed  briefly.  The  exx>osed  surface  of  the  Mnptire 
along  the  southern  edge  of  the  syncline  is  often  four  miles  wide  and  averages  more  than 
three  miles  in  width,  of  which  the  outer  half  is  basic  and  weathers  rapidly.     Along  the 


laOeol.  Sur.  Can..  Sum.  Bep.,  p.  143,  etc. 

13  Ibid.   1902,   pp.  252-267. 
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northern  side  the  width  varies  from  three, miles  to  less  than  one  mile,  averaging  nearly 
two  miles,  of  which  less  than  one-half  is  basic  as  a  rule,  and  in  places  the  basic  portion 
is  almost  lacking. 

The  topography  in  general  is  then  as  follows:  the  country  outside  the  synclino 
has  the  somewhat  rugged  and  irregular  mixture  of  hills  and  valleys  of  rather  moderate 
heights  and  depths  usual  in  Archean  regions.  The  basic  edge  of  the  southern  nickel 
tange  follows,  with  low,  gently  accentuated  surfaces  for  a  width  of  about  two  miles; 
after  which  comes  a  belt  of  quite  precipitous  hills  belonging  to  the  acid  edge.  The 
adjoining  metamorphosed  conglomerate  and  tuff  makes  a  narrow  band  of  very  pre> 
ripitous  hills,  often  having  unscalable  cliffs.  The  inner,  softer  tuffs  and  slate  mako 
the  floor  of  a  wide  vaUey,  followed  by  hills  of  sandstone  in  the  middle  of  the  syncline, 
much  lower  however  than  the  other  hills  referred  to  before. 

Approaching  the  northern  nickel  range,  after  a  flat  valley  representing  the  slates 
and  softer  tuffs,  one  finds  once  more  a  very  mountainous  band  of  country  formed  by 
the  metamorphosed  tuffs  and  the  acid  eruptives;  then  a  narrow  valley,  often  filled  with 
a  lake  or  muskeg,  at  the  basic  edge ;  followed  by  the  irregular  Laurentian  hills  to  thd 
rorth. 

The  contoured  portion  of  the  map  accompanying  this  monograph  illustrates 
graphically  the  relationships  just  referred  to,  so  that  detailed  description  is  unnecen- 
sa'ry.  It  should  be  remarked  however  that  this  section  was  chosen  because  of  the 
convenience  of  the  railway  bench  marks  in  working  out  the  levels,  and  the  railway 
has  naturally  selected  the  easiest  passes  into  and  out  of  the  flat  central  valley.  The 
acid  edge  near  Azilda  presents  a  much  less  rugged  appearance  than  is  usual  in  other 
1  arte  of  the  range. 

Although  the  country  along  the  acid  edge  is  so  precipitous  and  rough  in  characti^v 
as  to  cause  difficulty  in  running  lines  because  of  vertical  or  even  overhanging  cliffs,  the 
total  difference  in  altitude  from  the  flat  interior  of  the  basin  to  the  enclosing  hill  tops 
is  not  more  than  about  600  feet,  so  that  the  elevations  can  scarcely  be  called  mountains. 
The  higher  points  measured  reach  not  much  over  1,400  feet  above  sea  level. 

In  general  then  there  is  an  elongated  central  area  of  low  ground  with  compara- 
tively gentle  hills  running  down  its  centre,  surrounded  by  a  margin  of  very  precipitous 
hills  rising  from  200  to  600  feet  above  the  plain.  Then  comes  a  valley  about  a  quartor 
oi  half  a  mile  wide  on  the  northern  side  and  two  miles  wide  on  the  southern,  succeeded 
by  the  irregular  hilly  country  of  the  outside  Archean.  The  interior  plain  as  well  a:? 
all  the  low  ground  to  the  south  of  the  eruptive  area  is  covered  with  lacustrine  clay  or 
sand,  while  the  less  frequent  level  ground  to  the  north  consists  of  sand  nad  gravel 
terraces  at  higher  levels. 

HYDROGRAPHY 

In  a  region  so  recently  ice-covered  as  northern  Ontario  the  arrangement  of  the 
lakes  and  watercourses  is  of  a  very  youthful  character,  very  little  filling  of  basins, 
or  cutting  down  of  rocky  obstructions  having  taken  place,  and  yet  the  old  topography 
profoundly  affects  the  drainage  system.  The  main  river  of  the  district,  Vermilion 
river,  comes  in  from  Archean  country  to  the  north  as  a  singularly  straight  north  and 
south  chain  of  narrow  lakes  connected  by  swift  water  or  rapids.  As  soon  as  the  hilly 
border  is  passed  by  an  evidently  pre-glacial  channel  the  river  changes  its  character, 
flowing  gently  over  drift  sand  and  gravel  at  the  northwest  end  of  the  interior  basin 
to  lake  Onwatin,  an  expansion  in  the  soft  slates.  It  then  turns  west  for  twelve  miles, 
and  afterwards  southwest  for  six  miles,  keeping  to  the  band  of  slate  almost  to  Larch- 
wood,  where  it  cuts  across  the  low  sandstone  ridges,  forming  rapids  and  falls. 
Arrived  at  the  southern  band  of  slate  it  expands  into  Vermilion  lake,  a  couut^x^^x^ 
of  Onwatin,  as  noted  by  Dr.  Bell,  turns  east  for  five  or  six  mWea  oi  p\atc\^  ^^^A.ex ,  "e^v.^ 
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finally  strikes  aouthwest  across  the  acid  edge  as  Uke-like  stretches  separated  by  rapiili 
or  falls.  It  receives  one  large  tributary,  the  OnapiDg,  which  plungeB  as  a  sncoeMics 
lA  violent  rapids  and  falls  where  it  crosses  the  acid  edge  on  its  way  from  the  nortk 
into  tbe  central  plain  towards  its  eastern  end.  It  then  turns  east  following  the  slati 
until   it  joins  the  Vermilion  above  Larchwood. 


Oiiui>iiit' 


The  smaller  tributaries  largely  occupy  the  same  band  of  slate,  and  it  is  clear  that 
the  whole  drainage  system  is  mainly  controlled  by  the  peculiar  geological  structure  of 
the  region. 

With  the  exception  of  Onwatin  and  Vermilion  lakes,  which  have  in  general  flat 
low  shores  and  are  merely  eipausions  of  Vermilion  river,  the  low  central  area  of  sedi- 
nentary  rocks  contains  no  important  lakes,  except  Whitewater,  which  has  its  niKtheni 
shore  within  the  tuffs.  Alt  round  the  hilly  edge  of  eruptive  rock,  however,  we  find 
typical  "rocky  lake"  country  with  irregular  steep  shored  bodies  of  water,  snch  as 
Tairbank,  Windy,  Trout  and  Whitsoii  lakes.  Along  the  northern  basic  edge  of  tbi* 
eruptive  there  are  many  small  narrow  lakes  whose  basins  are  due  to  the  rapid  decay 
of  the  norite  between  walls  of  granite  and  gneiss  to  the  northwest  and  tbe  acid  phase 
ol  the  eruptive  toward  the  southeast.  The  wider  valley  of  the  southern  basic  edge  has 
lower  hills  and  more  numerous  openings  toward  the  southeast,  and  its  hollows  are 
mainly  filled  with  drift,  so  that  there  are  few  lakee  along  that  aide. 

The  lakes  of  the  interior  hauin  are  shallow  and  have  muddy  shores,  while  thorn 
of  the  hilly  border  are  often  very  deep  with  rocky  shores  and  clear  water.  They  stand 
usually  a  hundred  or  more  feet  above  the  valley,  and  the  small  streams  which  drain 
them  are  full  of  rapids  and  falls. 

The  Vermilion  river  and  its  tributaries  in  tbe  interior  vslley  have  very  mewidwinj 
cbBnnels,  and  are  engaged  in  caivtng  down  tW  oV&X&ka  deposits  to  the  base  tsvd  of  th« 
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T.ext  lower  outcrop  of  rock.  In  the  rocky  country  on  each  side  of  the  basin  their 
channels  are  determined  by  the  irregularities  of  the  rocky  valleys,  where  practically 
no  cutting  has  been  done  since  the  glacial  period  except  in  the  unevenly  distributed 
boulder  day, 

METHODS  OF  SURVEY 

Different  parts  of  the  Sudbury  district  are  in  very  different  stages  of  development, 
the  southern  portion  being  well  supplied  with  wagon  roads  and  railways,  and  having 
a  number  of  towns  and  villages,  as  well  as  cultivated  farms  in  the  day  covered  flats 
and  valleys.  Most  of  the  country  near  the  great  mines  has  been  cleared  and  burnt 
over,  sometimes  more  than  once,  so  that  the  rock  is  excellently  exposed,  except  i^ere 
buried  under  old  lake  deposits.  The  northern  range,  on  the  other  hand,  is  still  largely 
m  wilderness  covered  with  woods  and  with  few  roads  except  those  of  the  lumbermen, 
who  are  now  removing  the  pine. 

miese  differences  are  partly  due  to  the  richness  of  the  mines  in  the  southern  rang^, 
but  perhaps  in  an  equal  degree  to  the  passage  of  the  main  transcontinental  line  ol  th% 
Canadian  Paciflc  railway  through  it.  The  latter  circumstance  has  ite  cause  in  the 
gentler  character  of  the  country  in  the  southern  part,  resulting  probably  to  a  consider- 
able extent  from  the  much  greater  width  of  the  norite  margin  of  the  eruptive.  Norite 
weathers  quickly  and  where  wide  forms  a  comparatively  level  surface  with  gentle  hills. 

The  town  of  Sudbury  is  southeast  of  the  main  nickel  range,  and  from  it  radiate 
railways  in  various  directions,  the  main  line  of  the  C.  P.  R.  running  roughly  east  and 
west  through  the  district;  the  '^Saulf  branch  turning  off  to  the  southwest;  the  Algoma 
Central  running  for  eleven  miles  about  midway  between  it  and  the  main  line,  follow- 
ing the  basic  edge  of  the  eruptive  where  various  mines  are  at  work ;  and  finally  a  branch 
running  north  three  or  four  miles  to  the  Stobie  and  other  mines  not  now  working. 

The  whole  district  has  been  surveyed  into  townships  six  miles  square,  and  the  lines 
between  the  square  miles  have  been  run,  as  well  as  occasionally  north  and  south  Unas 
dividing  the  square  miles  into  halves.  Unfortunately  for  the  geologist  many  of  these 
f  urveys  are  now  old,  and  the  lines  have  grown  up  or  have  been  obscured  by  lumbering 
operations,  or  fire  has  actually  destroyed  all  evidence  of  the  surveyor's  work,  so  th^t 
following  the  lines  is  difficult  and  often  impossible.  On  this  account  much  topographical 
work  has  been  required  to  fix  the  geological  relationships,  especially  the  contacts  of  the 
inner  or  acid  edge  of  the  nickel^bearing  eruptive  with  the  overlying  sediments.  It  was 
decided  to  determine  the  position  of  the  acid  edge  at  points  not  more  than  a  half  mile 
apart,  the  usual  method  being  by  pacing  from  corner  posts  to  the  point  of  contact, 
while  the  basic  edge  was  mapped  in  a  more  detailed  way,  especially  in  the  neighborhood 
of  mines  or  ore  bodies.  The  latter  work  was  done  partly  by  pacing  and  prismatic  com- 
pass, or  where  there  was  local  attraction,  by  dial  compass;  and  partly  by  micrometer 
work.  There  are  parts,  however,  especially  toward  the  southeast  corner  of  the  boat 
shaped  syncline  and  at  its  southwestern  end,  where  swamps  or  drift  deposits  hide  the 
solid  rock  and  leave  some  uncertainty  as  to  the  line  of  contact.  The  longest  stretch 
covered  in  this  way  is  in  the  townships  of  Falconbridge  and  Maclennan,  where  there 
is  a  gap  of  a  little  over  two  miles. 

During  the  field  work  in  the  southern  part  of  the  region  railways  were  largely 
made  use  of  as  bases,  and  in  several  places  there  are  good  wagon  roads  which  were 
of  service  in  tracing  the  basic  edge.  For  the  basic  edge  on  the  northern  range  and  for 
the  acid  edge  everywhere,  these  modes  of  access  were  seldom  available  -  and  the  work 
was  done  by  tramping  through  the  woods,  or,  where  possible,  by  canoes  on  lakes  and 
nvers. 

It  was  found  that  the  township  maps  as  well  as  the  mape  of  mining  locations  are 
oatially  accurate  in  so  far  as  lines  which  had  actually  been  surveyed  are  concerned,  'But 
that  the  courses  of  rivers  and  the  forms  of  lakes  are  commonly  ^«c^  V^^^l  xi^v^^^ 
and  that  many  smaller  lakes  not  cut  by  a  survey  line  \iave  \>e«n.  otclV^X.^  ^;>X*i^^^>aKt . 
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The  levels  of  the  region  have  been  determined  mainly  by  aneroid  from  fixed  points 
such  as  railway  stations  and  bench  marks,  White's  Elevations  of  Canada  being  miade 
use  of.  In  order  to  give  an  idea  of  the  topography  of  the  country  for  a  mile  or  two  on 
each  side  of  the  Canadian  Pacific  railway  from  Murray  mine  to  Windy  lake  has  been 
contoured,  the  lines  being  placed  25  feet  apart.  The  work  was  done  partly  by  hand 
level  and  partly  by  aneroid,  and  except  near  the  railway  great  accuracy  of  detail  w^ 
not  aimed  at.  Owing  to  lack  of  time  and  the  smallness  of  the  staff  available  it  was 
not  possible  to  contour  the  whole  district,  but  elevations  of  many  of  the  higher  points 
and  of  the  chief  lakes  are  given  on  the  map.  As  these  were  determined  by  aneroid, 
and  often  at  long  distances  from  the  railway,  their  accuracy  is  only  approximate. 

CLASSIFICATION  OF  THE  ROCKS 

Underlying  the  sheet  of  nickel-bearing  eruptive  there  are  various  sedimentary  'and 
eruptive  rocks  wl^ch  have  always  been  placed  in  the  Laurentian  and  Huronian.  The 
Laurentian  was  originally  supposed  to  be  the  older  of  the  two,  but  it  is  now  known 
that  it  has,  in  many  places  if  not  all,  an  eruptive  contact  with  the  Huronian,  so  that 
its  age  must  be  later.  The  Laurentian  consists  wholly  of  eruptive  rocks  but  the 
Huronian  contains  more  sediments  than  eruptives.  The  oldest  rocks  of  the  distrirt 
are  the  banded  iron  formation  and  the  schists  associated  with  it,  but  they  nowhere 
cccur  in  the  neighborhood  of  the  nickel  ranges,  though  they  are  developed  in  interesting 
ways  on  the  north  shore  of  lake  Wahnapitae  not  far  to  the  east,  and  in  Hutton  and 
adjoining  townships  to  the  north.  The  iron  formation  consists  of  silica  of  a  quartzitic 
cr  jaspery  kind  interbanded  with  magnetite,  in  Hutton  township  affording  great  bodies 
of  fairly  good  magnetic  ore.»s  These  rocks  have  been  placed  in  the  Lower  Huronian 
by  the  geologists  of  the  Bureau  of  Mines,  the  equivalent  of  the  Keewatin  as  lately 
defined. 

Their  relationship  to  the  sediments  south  of  the  southern  nickel  range  is  not  quito 
certain,  but  thje  latter  are  generally  considered  younger  and  have  hitherto  been  put 
with  the  rocks  of  the  original  Huronian  area  as  Upper  Huronian,  but  by  the  new 
( lassification  will  be  Lower  Huronian.  n 

The  widespread  sedimentary  rocks  south  of  the  nickel  range  differ  materially  from  I 
Ihose  of  the  original  Huronian,  however,   containing   no   bands   of   limestone   nor   red  ^ 
jasper  conglomerate  and  very  little  white  quartzite,   and  being  generally  more  extea-  J 
sively  metamorphosed.     They  include  distinctly  stratified  graywack^  or  quartzite  with  j 
slaty  bands,  probably  with  a  synclinal  arrangement,  as  suggested  by  Dr.  Barlow,  since  * 
there  are  two  parallel   bands   with   arkose  between.        The   arkose,  though  apparently 
later  than  the  graywacke  and   included  in  its  syncline,   shows   very  IHtle  evidence  of 
stratification  in  most  places,  and  is  often  so  far  re-crystallized  as  to  look  like  felsite  or 
fine-grained  gneiss.     It  has  frequently  been  taken  for  an  eruptive,  and  has  been  spoken 
of  as  syenite,  but  its  parallelism  with  the  well  stratified  graywacke  and  its  general  field 
lelations  make  it  almost  certainly  a  sedimentary  rock.     The  slaty  graywacke  is  oit^n 
crowded  with  whitish  or  gray  pseudomorphs  after  staurolite,  and  is  what  Dr.  Selwyn 
ramed    ''rice   rock."     Occasionally  the  pseudomorphs  are  far   too   large  for   grains   ^f 
rice,  and  reach  four  or  five  inches  in  length. 

When  the  slaty  graywacke  lies  beside  large  granite  masses,  as  near  the  Frood  mine, 
it  may  become  more  schistose,  so  as  to  form  mica  schist  or  fine-grained  gneiss. 

In  some  parts  of  the  region,  especially  toward  W^hitefish  and  Worthington,  there 
are  pale  gray  and  very  cleavable  slaty  rocks  without  the  coarser  textured  layers,  prob- 
ably of  the  same  age  as  the  rocks  previously  described. 

North  of  Ramsey  lake  and  in  other  places  there  are  considerable  areas  of  gray- 
wacke conglomerate,  usually  showing  little  evidence  of  stratification  and  consisting 
cf  a  dark  gray  or  black  matrix  enclosing  angular  or  rounded  pebbles  and  boulders  of 


15  See  Bur.  >'JrfS.   19C3.  rP.  31B-22^;  aiid  \9^,  ^^.  "tV^^-TLV  wid  222-224. 
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various  rocks,  such  as  vein  quartz,  quartzite  and  granite.  In  appearance  they  suggest 
a  greatly  metamorphosed  boulder  clay,  and  it  is  not  impossible  that  they  originated 
by  ice  action. 

Though  the  relations  of  this  conglomerate  to  the  slaty  graywack^  are  somewhat 
obscure,  it  appears  to  be  younger,  the  quartzite  boulders  probably  coming  from  harder 
quartzitic  layers  of  the  previously  mentioned  rocks. 

A  narrow,  discontinuous  band  of  undoubtedly  water  formed  conglomerate, 
very  like  some  parts  of  the  typical  Huronian  conglomerate  north  of  lake  Huron, 
stretches  for  about  two  miles  northeast  and  southwest  near  Stobie  mine;  and  near 
by  is  a  small  hill  of  white  quartzite  like  that  near  Lake  Huron.  Just  how 
these  rocks  should  be  placed  with  regard  to  the  more  widely  spread  rocks  is  uncertain, 
but  they  have  been  tilted  and  faulted  in  the  same  way  and  are  probably  of  the  same 
^.eneral  age,  i.e.,  Huronian. 

All  the  older  rocks  of  the  region  have  been  greatly  faulted,  the  faults  being  very 
numerous  but  usually  with  a  small  throw;  and  in  various  places  there  are  crush  con- 
^iomorates  along  the  planes  of  faulting.  Dr.  Barlow  in  his  map  of  the  Copper  Cliff 
region  indicates  a  series  of  close  folds  in  the  schistose  rocks,  and  it  is  quite  probable^ 
that  most  of  the  Huronian  has  been  sharply  folded  by  the  elevation  of  neighboring 
Laurentian  areas,  but  our  work  was  not  detailed  enough  to  prove  this  relationship. 

Eruptive  Rocks  in  tlie  Huronian 

Tbte  sedimentary  rocks  described  above  are  associated  with  green  schists  and 
various  greenstones  and  other  basic  eruptives  which  seem  to  be  of  much  the  same 
age.  The  schists  may  be  sheared  diabases  or  gabbros,  now  reduced  to  chloritic  and 
hornblendic  rocks;  but  beside  them  or  intermingled  with  them  are  hornblende  porphy- 
rite,  with  large  crystals  of  hornblende,  and  white  spotted  rocks,  perhaps  once  porphyrites 
containing  feldspar  crystals.  .  In  many  places  these  rocks  pass  into  a  very  fine-grained 
norite,  entirely  different  in  character  from  the  nickel-bearing  norite,  and  of  course 
much  older  than  that  important  rock.  In  a  few  places  there  are  well  developed  **pillow 
structures'^  and  amygdaloidal  or  concretionary  forms  that  must  be  explained  as  resulting 
from  surface  volcanic  flows.  Hills  made  up  of  these  various  basic  rocks  extend  for 
several  miles  along  the  southeastern  edge  of  the  main  nickel  range,  from  Blezard  to 
Elsie,  and  they  are  found  less  extensively  in  several  other  parts  of  the  region. 

Other  basic  eruptives,  such  as  hornblende  porphyrite  and  gabbro,  form  long  bands 
ci  sometimes  small  laccoliths  entirely  enclosed  in  the  Huronian  sediments  and  often 
tilting  them  up  in  such  a  way  as  to  prove  them  later  in  age,  as  in  the  hill  east  of 
Sudbury  and  a  ridge  south  of  Copper  Cliff.  Though  later  tUan  the  sediments  they  are 
supposed  to  be  older  than  the  nickel  eruptive,  and  may  represent  earlier  effusions  of 
the  same  magma,  since  small  pockets  of  nickel  ore  occur  in  them. 

Fine  and  coarse-grained  granite  also  penetrates  the  arkose,  in  general  older  than 
the  nickel-bearing  rock,  though  one  band  of  red  granite  near  Murray  mine  seems  to 
have  been  later.  Some  of  the  granite  may  even  be  a  re-melted  or  re-arranged  part  of 
the  arkose,  though!  this  has  not  been  clearly  proved. 

At  one  point  north  of  Sudbury  a  grayish  quartz-porphyrite  rises  through  the 
srkose,  superficially  very  like  the  enclosing  rock. 

In  general  all  these  acid  eruptives  and  many  of  the  basic  ones,  though  later  in  ago 
than  the  Huronian  sediments,  are  older  than  the  nickel-bearing  eruptive  and  the  rocks 
which  overlie  it;  and  are  considered  to  belong  to  the  Huronian  rather  than  to  any 
later  series. 

Tlie  Laurentian     • 

In  addition  to  the  medium  and  fine-grained  granites  mentioned  above  tlv&x^  ^t^ 
coarse  granites  and  syenites  often  porphyritic,  which  merge  into  ^xicv«.%  «jv^  \ia.'^^  \i^«^ 
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placed  in  the  Laarentian  by  most  writers.  There  are  considerable  areas  of  these 
focks  from  Ck)pper  Cliff  west. to  Greighton  mine,  evidently  younger  than  the  green 
Hnronian  schists,  since  they  contain  patches  and  elongated  strips  of  them;  bat  gen- 
erally old«r  than  the  norite,  whichi  often  grows  finer-grained  where  it  approaches  them. 
Btill  farther  to  the  west  is  a  great  area  which  has  always  been  mapped  as  Lanrentiao, 
and  this  elands  to  the  northward  and  forms  the  north-western  country  rock  of  maay 
of  the  ore  bodies  along  the  northern  nickel  range. 

Thiere  is  a  good  deal  of  variety  in  these  rocks,  most  of  which  are  granitoid  gneisfv 
^t'  a  dull  flesh  color.  They  may  have  the  composition  of  syenite  or  of  grano-diorite, 
snd  very  commonly  they  include  angular  or  tailed  out  maflses  of  greenstone  or  green 
schist,  sometimes  of  large  extent.  The  gneissoid  structure  is  sometimes  parallel  to  th9 
edge  of  the  norite,  but  at  different  points  it  may  be  found  striking  in  almost  any 
direction,  so  that  the  schistosity  is  probably  older  in  origin  than  the  nickel-bearing 
rock,  and  not  a  result  of  that  eruption,  like  the  schistosity  of  the  Htironian  rocks 
just  to  the  southeast  of  the  main  nickel  range.  There  are  probably  granites  of  later 
age  enclosed  in  the  granitoid  gneiss,  but,  so  far  as  known,  these  are  older  than  the 
nickel  eruptive.  A  bright  flesh  red  granite  of  coarse  texture,  cut  by  the  Foy  offset 
from  the  northern  nickel  range,  is  probably  of  this  character. 

Comparatively  little  time  has  been  devoted  to  the  Laurentian,  and  it  should  be 
stated  that  more  or  less  greenstone  or  green  schist,  probably  of  Huronian  age,  and 
even  a  few  small  bands  of  the  iron  formation  are  covered  by  the  Laurentian  color. 
Comparatii^ely  large  greenstone  areas  are  known  to  exist  west  of  Windy  lake  and  east 
of  Blue  lake,  near  lake  Wahnapitae,  but  lack  of  time  prevented  careful  mapping  of 
these  tracts,  and  they  are  not  separated  from  the  Laurentian. 

In  our  classification  all  the  rocks  referred  to  the  Laurentian  and  Huronian  an) 
considered  to  belong  to  the  Archean,  while  thie  rocks  above  them  are  looked  on  as 
probably  of  Animikie  or  later  age. 

Rocks  above  the  Archean 

The  rocks  next  in  age  to  the  Laurentian  appear  to  be  the  sedimentary  series  en- 
closed in  the  basin  of  the  nickel-bearing  eruptive,  which  probably  represent  approx- 
imately the  Animikie  t)f  western  Ontario.  It  is  curious  that  these  are  nowhere  found 
in  contact  with  the  two  lower  series,  the  Huronian  and  Laurentian,  the  eruptive  sheet 
always  separating  the  upper  rocks  from  the  lower,  evidently  because  the  division  be- 
tween the  unmetamorphosed  Animikie  and  the  more  crystalline  Archean  provided  an 
easily  invaded  plane  for  the  laccblithic  magma  to  spread  out  in..  When  that  took 
place  the  upper  sedimentary  deposits  were  in  a  sense  floated  off  from  their  foundations. 

The  rocks  here  classed  as  Animikie  may  be  subdivided  into  four  formations,  the 
Trout  lake  conglomerate,  the  Onaping  tuff,  the  Onwatin  slate  and  the  Chelmsford 
sandstone,  employing  local  names  for  the  sake  of  convenience  of  description. 

The  Trout  lake  conglomerate  with  coarse  pebbles  or  boulders  of  granite  and  other 
locks  is  evidently  basal  and  now  rests  everywhere  upon  the  "acid  edge"  of  the  nickel 
bearing  eruptive,  which  has  profoundly  acted  on  it  by  heated  solutions,  so  that  it  is 
now  the  most  resistant  rock  of  the  series. 

The  Onaping  tuff  is  well  displayed  at  the  high  falls  of  Onaping  river,  where  the 
dark  fine-grained  volcanic  sediments  overlie  the  Trout  lake  formation;  but  the  tuffs 
occur  without  a  break  all  round  the  basin. 

The  Onwatin  slate  is  black,  carbonaceous,  and  very  fissile,  and  liej  between  the 
tuff  and  sandstone,  but  is  too  soft  to  be  well  represented  in  the  rock  exposures. 

The  Chelmsford  sandstone  runs  as  low  sharp  ridges  down  the  centre  of  the  basin^ 
being  best  represented  at  OhelmBioTd  and  liax^'^^xA. 
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STRATIGRAPHY  OP  THE  NICKEL  BASIN 

The  great  complioation  of  the  Huronian  sediments  and  the  eruptives  penetrating 
them,  as  well  as  the  interruption  of  Laurentian  granitoid  gneiss  have  made  it  im« 
possible  in  the  time  at  our  disposal  to  work  out  with<  any  definiteness  the  thickness  and 
detailed  rdationships  of  the  rocks  lying  below  the  nickel  eruptive,  though  their  prob- 
able succession  in  age  has  been  pretty  certainly  determined.  With  regard  to  the 
emptiye  sheet  itself  and  the  overlying  sediments,  much  more  is  known  and  a  fairly 
complete  account  of  their  relationships  can  be  given.  Though)  the  eruptive  is  later  in 
age'  than  the  sediments,  it  is  convenient  to  begin  with  it  as  the  lowest  rock  in  the 
series. 

The  Sudbury  Nickel-bearing  Eruptive 

The  rock  always  found  associated  with  the  nickel  deposits  is  found  to  be  norite 
wherever  fresh,  as  shown  by  von  FouUon  and  Prof.  Walker  and  confirmed  by  Dr. 
Barlow  and  myself;  but  it  is  very  often  weathered  so  as  to  have  tlto  composition  of 
diorite.  It  has  various  shades  of  gray,  generally  dark  along  the  most  productive  part 
of  the  southern  nickel  range,  and  passes  insensibly  into  pale  gray  or  flesh  colored 
micropegmatitic  syenite  or  granite  towards  the  inner  and  upper  edge.  The  width 
of  the  band  is  quite  variable,  running  from  four  and  one-fiftK  miles  near  the  Creighton 
and  Murray  mines  to  five-sixths  of  a  mile  at  the  narrowest  part  near  the  northeastern 
comer  of  Morgan  township.  The  average  width  of  the  southern  side  of  the  erupt ivo 
band  is  3.1  miles,  and  of  the  northern  1.9  miles;  and  the  total  average  width  is  2.6 
miles.  Where  the  band  is  wide  quite  half  of  it  is  dark  gray  norite;  but  where  it  is 
rarrower  the  acid  (granitic)  portion  takes  up  more  than  half;  and  at  the  narrowest 
point  the  noritic  phase  is  almost  absent.  What  has  been  said  of  the  basic  portion  of  the 
rock  applies  in  a  general  way  to  what  may  be  called  its  most  basic  fringe,  the  nickel 
and  copper  sulphides.  Roughly  speaking,  ore  bodies  are  more  numerous  and  larger 
where  the  whole  eruptive  is  wide,  and  less  numerous  or  absent  where  it  is  narrow. 

The  length  of  the  boatz-shaped  eruptive  sheet  is  36.2  miles,  and  its  greatest  width 
16.6  miles,  the  average  width  being  13.6  miles ;  so  that  the  whole  area,  covered  as  well 
as  exposed,  is  495  square  miles.  The  inward  dip  of  the  contact  between  the  ore  bodies, 
or  the  basic  edge  of  the  eruptive  when  ore  is  absent,  with  the  underlying  Huronian 
or  Laurentian  rock  runs  from  20^  to  64^,  and  the  average  dip  may  be  estimated  ba- 
iween  30^  and  45^.  As  the  inward  dip  of  the  overlying  sediments  averages  about  30^, 
this  will  be  taken  as  the  true  average  dip  of  the  whole  series  of  rocks. 

Accepting  the  dip  at  B8P,  the  eruptive  sheet  has  an  average  thickness  of  1.25  miles. 
If  this  thickness  is  retained  in  the  parts  bddden  beneath  the  sediments,  the  total 
volume  of  the  sheet  is  nearly  600  cubic  miles;  but  probably  the  sheet  is  thicker  in 
central  parts,  and  certainly  all  the  edges  have  lost  greatly  by  erosion,  so  that  the 
original  volume  must  have  been  very  much  greater  than  600  cubic  miles.  As  tha 
circumference  of  the  basin  is  80  miles,  one  mile  added  to  its  margin  would  increase  the 
Tolume  by  100  cubic  miles,  and  in  the  beginning  the  total  volume  may  have  been  1,0^X) 
cubic  miles  or  more.  As  the  basin  jiow  stands  the  northwestern  edge  of  the  eruptive 
bas  an  elevation  of  about  300  feet  above  the  southeastern  edge,  perhaps  due  to  more 
rapid  weathering  of  the  much  wider  basic  part  found   along  the   southeastern   side. 

The  basic  edge  sends  offsets  into  the  surrounding  rocks  for  distances  up  to  eight 
miles,  in  places  continuous  and  dike-like,  but  often  discontinuous  and  irregular;'  and 
the  acid  edge  also  projects  into  the  overlying  rocks,  though  none  of  the  apophyses  have 
Leen  traced  for  notable  distances. 

The  lower  rocks  have  been  greatly  crushed  and  faulted,  and  coarse  breecv«j^  Vi^>9<& 
r  ften  been  formed  of  the  blocks,  cemented  with  narrow  \>aTida  o^  tlotWi^  qit  V\^  ^t^« 
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Later  Eruptives 

As  explained  before,  the  nickel-bearing  eruptive  is  younger  than  the  series  of 
sediments  which  rest  upon  it,  but  it  is  by  no  means  the  latest  eruptive  of  the  district. 
Penetrating  its  edge  near  Murray  mine  and  Copper  Cliff  there  are  flesh-colored  to 
gray  medium-grained  granites,  and  within  the  eruptive  north  of  Murray  mine  and 
pear  Whiteon  lake,  as  well  as  in  other  places,  there  are  pale  or  flesh-colored  granitic 
rocks,  probably  later  dikes  or  irregular  bosses;  so  that  the  main  laccolithic  sheet  wis 
lollowed  by  more  acid  flows  of  a  somewhat  later  age,  but  perhaps  before  the  sheer 
had  completely  lost  its  heat. 

Probably  at  a  much  later  time,  after  the  whole  region  had  cooled  down,  fissures 
several  miles  in  length  and  often  more  than  100  yards  wide  were  opened  through  all 
the  earlier  rocks  and  filled  with  olivine  diabase,  the  freshest  rock  in  the  region.  This 
took  place  after  even  the  most  fluid  and  lowest  portion  of  the  nickel-eruptive,  th-) 
pyrrhotite  of  the  ore  bodies,  had  completely  cooled,  for  the  dikes  cross  indifferenClv 
from  it  to  the  granitoid  gneiss  or  the  norite,  but  have  a  more  glassy  edge  against  the  ore 
than  against  the  other  rocks,  since  the  sulphides  were  better  conductors  of  heat  and 
chilled  the  dike  more  quickly. 

These  very  numerous  olivine  diabase  dikes  remind  one  of  the  dikes  and  ''Logan 
sills"  of  the  Port  Arthur  Animikie  and  may  be  of  the  same  age,  Keweenawan,  thoa^'i 
there  is  no  direct  proof  of  this,  since  distinctively  Keweenawan  beds  have  not  been 
found  in  the  Sudbury  district,  the  nearest  point  at  which  thiey  are  known  being  on 
the  eaet  shore  of  lake  Superior  150  miles  away. 

Still  later  than  the  diabase  dikes,  and  the  latest  known  rocks  of  the  district, 
except  the  Pleistocene,  are  some  narrow  granite  dikes  which  cut  the  diabase  itself 
about  three  miles  west  of  Sudbury.  These  are  probably  poet-Keweenawan.  It  is  under- 
stood of  course  that  all  the  rocks  described  are  to  a  greater  or  less  extent  covered  witi 
boulder  clay,  moraines,  kames  and  eskers,  and  that  wide-spread  beds  of  stratified  clay, 
sand  and  graver  deposited  in  post-glacial  lakes  come  later  still;  but  none  of  the  fossil- 
iferous  beds  of  the  Palaeozoic  touch  the  district  so  as  to  fix  the  upper  time  limit  of 
the  unfossiliferous  rocks  above  described.  The  nearest  Palaeozoic  strata  are  the 
Cambro-Silurian  beds  of  Georgian  bay,  36  miles  to  the  southwest. 

The  succession  of  rocks  in  time  is  given  in  the  following  table: 

Table  of  Formations 

PLEISTOCENE Sand  and  clay. 

T^t^t  granite  dikes. 

t-vwcp'v  A  w  A  V  J  Olivine  diabase  dikes. 

KJ!-\>hK,-NAWA?J Granite. 

Sudbury  nickel-bearing  eruptive. 

/  Chelmsford  sandstone. 

AVTMTK-TF  i  Onwatlttslate. 

ANIMl-KIE lOnapingtnff, 

\  Trout  Lake  conglomerate. 

^  Laurentlan Granitoid  gneiss. 

(Acid  and  basic  Huronian  eruptives. 
Ramsay  Lake  graywack6-conglomerate. 
Copper  cliff  arkose. 
McKim  graywack6. 

CHARACTER  OF  THE  SUDBURY  ORES 

The  ores  of  the  Sudbury  mining  district  are  extraordinarily  uniform,  three  sul- 
f  hides  only  making  up  practically  the  whole  of  most  of  the  ore  bodies,  and  only  two 
ai  a  rule  presenting  themselves  to  the  eye,  pyrrhotite  or  magnetic  pyrites,  and  chalco- 
pyrite  or  copper  pyrites.  The  third  one,  pentlandite,  is  much  the  most  important, 
though  commonly  invisible  in  the  ore  except  at  a  few  of  the  richer  mines,  where  it 
appesrs  only  occasionally. 
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fThe  mineral  present  in  much  the  largest  amount  is  pyrrhotite,  a  sulphide  of  iron 
whose  composition  as  given  varies  from  Fe^H^  to  FcigSiY.  It  is  pale  bronze  with 
bright  metallic  lustre  on  fresh  surfaces,  but  quickly  tarnifihes  to  brown,  and  very 
readily  weathers,  turning  to  a  rusty  mass,  the  gossan  which  is  so  characteristic  of  all 
the  nickel  mines.  It  almost  never  appears  in  crystab,  though  a  certain  platy  char- 
acter at  a  few  mines  suggeste  crystalline  structure,  and  it  may  be  from  coarse  to  fine- 
grained.- Its  property  of  magnetism  distinguishes  it  from  other  sulphides,  since  it  i« 
easily  attracted  by  the  magnet,  while  others  are  not,  but  the  strength  of  its  magnetisia 
varies  considerably  in  different  localities,  for  reasons  not  certainly  understood.  The 
most  highly  magnetic  ore  of  the  region  is  found  at  Blue  lake  toward  the  northeastern 
end  of  the  ranges,  specimens  from  there  having  distinct  polarity  and  attracting  iron 
filings.  In  other  parts  the  pyrrhotite  is  too  feebly  magnetic  to  do  this,  though  it 
a*way6  shows  a  powerful  effect  on  the  compass  or  dip  needle.  Attempts  have  been  made 
to  locate  ore  bodies  where  hidden  by  drift  or  obscured  in  other  ways  by  means  of  the 
dip  needle  or  more  delicate  appliances,  such  as  the  Thompson-Thal^n  magnetometer, 
and  a  considerable  amount  of  magnetic  survey  work  has  been  done  by  Messrs.  Nystrom, 
Kay,  Miller  and  others,  for  the  Mond  Company,  the  Lake  Superior  Power  Ck)mpany 
and  Mr.  Thomas  A.  Edison.  It  cannot  be  said  however  that  up  to  the  present  anv 
very  important  practical  results  have  been  attained  by  this  method  of  exploration. 

In  a  few  places  pyrrhotite  hae  occurred  almost  to  the  exclusion  of  copper  pyrites, 
»s  at  Gertrude  mine,  where  there  was  so  little  copper  in  the  ore  that  plans  were  made 
at  the  Sault  Ste.  Marie  for  roasting  it,  and  reducing  the  resulting  oxide  directly  to 
ferro-nickel ;  but  even  at  the  Gertrude,  mining  operations  soon  showed  a  considerable 
amount  of  ohalcopyrite,  making  the  ore  unsuitable  for  that  purpose. 

Though  the  chaloopyrite  is  generally  present  in  much  less  quantity  than  the 
pyrrhotite,  occasionally,  as  at  the  Copper  Cliff  in  early  days,  it  may  form  the  larger 
proportion  of  the  ore.  The  two  sulphides  commonly  occur  together,  the  brassy  lustre 
4  f  the  chalcopjrrite  distinguishing  it  from  the  bronze  of  the  pyrrhotite,  and  polished 
surfaces  of  ore  show  quite  irregular  arrangements  of  the  two  minerals.  They  do  not 
appear  to  be  very  minutely  intermixed  as  a  rule  however,  and  it  is  not  difficult  to 
select  fairly  pure  examples  of  each. 

Pure  pyrrhotite  contains  on  the  average  about  3.21  per  cent,  of  nickel  in  the 
Sadbury  region,  and  pure  copper  pyrites,  having  the  composition  CuFeSa,  contains 
84.5  per  cent,  of  copper.  Since  the  ores  of  the  district  produce  on  the  whole  about 
equal  amounts  of  the  two  metals,  the  proportions  of  the  two  minerals  in  the  ore  must 
be  about  10  parts  of  pyrrhotite  to  one  of  chalcopyrite. 

The  variations  in  the  proportions  of  the  two  minerals  even  in  the  same  ore  body 
are  sometimes  wide,  as  at  Copper  Cliff,  where  the  percentages  obtained  in  different 
years  present  differences  euch  as  4.65  copper  to  4.46  nickel  at  one  time  and  7.81  copper 
tc  2.37  nickel  at  another.  The  different  mines  vary  even  more  widely  from  one  another 
in  this  respect,  the  Creighton,  for  example,  having  nearly  5  per  cent,  of  nickel  to  2  of 
copper,  in  contrast  to  the  percentage  given  above  for  Copper  Cliff. 

It  is  probable  that  the  chalcopyrite  is  a  little  more  mobile  in  the  ore  bodies  than 
the  pyrrhotite,  since  it  is  more  commonly  found  filling  fissures  in  the  country  rock^ 
or  as  a  film  between  slickensided  surfaces  of  the  later  diabase  dikes.  It  has  been 
observed  also  that  at  Copper  Cliff  the  ore  body  was  richer  in  copper  when  narrow,  and 
ID  nickel  when  wide,  so  that  the  relations  to  the  adjoining  rocks  appear  to  have  bome 
influence  on  the  distribution  of  the  two  minerals. 

The  third  and  most  important  mineral  is  pentlandite,  a  rich  ore  of  nickel,  having 
the  composition  (Fe,  Ni)  S,  with  a  varying  amount  of  nickel  sometimes  reaching  35 
per  cent,  or  more.  It  is  not  easily  distinguished  from  the  pyrrhotite  in  which  it  is 
embedded  in  fresh  ore,  the  main  difference  being  its  rather  perfect  octahedral  cleavage, 
but  its  brassy  lustre  on  slightly  weathered  surfaces  is  characteristic.     It  has  not  been 
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fouiiil  in  a  number  of  the  mines,  probably  because  too  finely  diisseminated ;  but  at 
Creighton,  Worthington,  Evans  and  a  few  othier  deposits,  it  sometimes  'occurs  with 
cleavages  half  an  inch  wide.  As  experiments  carried  out  by  several  persons,  including 
Messrs.  Browne,  Judson,  Dickson  and  Ogilvie,  have  proved  that  with  fine  crushing  a 
magnet  will  separate  a  more  magnetic  part  with  little  nickel  from  a  less  magnetic 
part  rich  in  nickel,  it  seems  probable  that  most  if  not  all  of  the  nickel  is  contained 
in  pentlandite,  which  is  non-magnetic,  and  that  the  pure  pyrrhotite  would  be  found 
to  contain  little  or  no  nickel. 

Iron  pyrites  in  both  its  varieties  is  not  infrequent  in  the  ore  deposits,  sometimes 
a»i  distinct  octahedral  crystals  enclosed  in  pyrrhotite,  sometimes  in  larger  quantitiit 
with  no  crystal  forms  and  belonging  to  the  variety  marcasite.  In  the  latter  case  it 
may  contain  a  considerable  percentage  of  nickel,  as  near  the  Worthington  mine. 

Several  other  compounds  of  sulphur  and  arsenic  with  iron  and  nickel  occur  in  thd 
deposits,  but  in  such  small  quantities  as  to  have  no  importance  as  ores,  so  that  they 
may  be  left  for  consideration  to  the  chapter  on  the  minerals  of  the  nickel  region 


RELATIONS  OF  ORE  TO  ROCK 

It  has  already  been  stated  that  the  Sudbury  ore  deposits  are  all  connected  with  n 
single  shieet  of  eruptive  rock  or  its  offsets,  but  it  will  be  well  to  discuss  the  relatioias 
of  ore  to  rock  more  in  detail,  since  this  has  a  very  practical  bearing  for  the  prospector 
and  miner  as  well  as  great  theoretic  interest  for  the  geologist  and  mining  engineer. 

Prospectors  long  ago  recognized  that  the  ore  is  always  associated  with  a  particular 
kind  of  rock,  diorite  as  it  was  generally  called,  though  the  work  of  von  Foullon,  Prof. 
Walker  and  others  has  proved  that  it  is  norite,  a  variety  of  gabbro,  in  whichi  a 
ihombic  pyroxene  is  important.  On  the  ordinary  weathered  surface  of  the  rock  so 
easily  attacked  a  sulphide  as  pyrrhotite  practically  never  shows  itself,  being  completely 
oxidized  to  limonite,  whose  rusty  brown  color  is  very  characteristic.  In  the  field,  there- 
fore, it  is  the  burned-looking  rock  covered  with  gossan  which  attracts  attention,  and 
this  has  been  so  carefully  sought  for  that  every  patch  of  it  surrounding  the  nickal 
eruptive  has  been  taken  up  by  prospectors.  The  gossan  varies  in  thickness  from  h 
mere  film  to  deposits  of  limonite  several  feet  thick,  and  almost  important  enough  tn 
be  worked  as  iron  ores.  It  is  only  where  an  impervious  sheet  of  till  has  covered  the 
fresh!  rock  surface  that  the  sulphides  are  still  found  fresh,  and  I  have  observed  this 
only  on  a  finely  polished  and  striated  surface  at  the  Creighton  mine,  now  completely 
removed.  Even  in  the  few  years  since  mining  began,  the  older  strippings  and  Uk' 
waste  rock  have  been  so  weathered  that  fresh  material  can  no  longer  be  seen,  and 
large  fragments  must  be  broken-  to  show  the  unchanged  sulphides. 

In  crossing  the  eruptive  from  the  acid  edge  toward  the  basic  edge  little  rusty 
holes  like  "pock  marks''  are  the  first  indication  of  ore,  and  they  may  occur  half  a 
mile  or  rarely  even  a  mile  from  the  actual  edge,  with  rock  surfaces  free  from  spots 
between.  As  the  basic  edge  is  approached,  in  most  cases  the  spots  are  closer  together 
or  iorm  blotches  which  unite  into  a  sheet  of  gossan  over  ore  bodies  at  the  margin  ci 
the  eruptive  and  for  a  short  distance  beyond  over  the  country  rock. 

Ore  bodies  are  not  found  everywhere  along  the  basic  edge,  though  one  may  walk 
for  miles  along  that  edge  in  places  without  an  important  break  in  the  rusty  band. 
There  are  however  a  few  places  along  the  oircumferenoe  near  Windy  lake  and  toward 
the  northeast  of  Morgan  township,  in  the  northern  range,  where  no  gossan  or  only  a 
few  of  the  pock  marks  are  found,  so  that  the  distribution  of  ore  is  evidently  very 
unequal.  It  will,  of  course,  be  understood  that  gossan  does  not  everywhere  mean  a«i 
ore  deposit  of  workable  size,  though  a  large  area  of  gossan  has  nearly  alwaya  been 
found  to  indicate  an  ore  body  worth  developing. 
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The  most  satisfactory  places  for  the  study   of  the   relations  of  ore   and   rock   ai  i 

paturaly  the  minee,  and  a  number  of  geologists  from  various  coutries  have  examined 

tbem  with  this  point  in  view,  most  of  them  agreeing  that  ore  and  norite  were  parts 

of    the  same  molten    rock  from   which   the  ore  segregated  toward    the  edge;  though 

a  few  think  that  the  ores  have  been  deposited  by  hydrothermal  mean^  by  replacement 

oj    the  rock-forming  minerals  of  the  norite.     The  evidence  in  favor  of  the  theory  ofj 

magmatic  segregation  is  excellently  given  by  Dr.  Barlow  in  hds  report  on  the  region. «a 

I'he   idea    that   ore    bodies  could    be  formed  by    the  slow  separation    of   the    heavier 

materials  at  the  edge  of  a  molten  rock  mass  was  elaborated  by  Prof.  Vogt  of  Christiania 

J  or  the  nickel  ores  of  Norway,  which  have  similar  relationships  to  ours;  but  at  about 

the  same  time  Dr.  Barlow  expressed  the  same  view  of  the  Sudbury  deposits,  stating 

in   1891   that   ^'the  ores  and  the  associated  diabase  were  therefore   in   all  probability 

f^multaneously    introduced    in    a    molten    condition,    the   particles    of  pyritous  matter 

aggregating  themselves  together  in  obedience  to  the  law  of  mutual  attraction.'' '7     Dr. 

Adams  applied  Vogt's  theory  to  the  Sudbury   deposits.     Prof.   Walker  has  supported 

the   same  explanation   of  the   relationships,    and   the  late  Prof.    Stetzner  of  Freiberg 

in  Saxony  in  a  letter  to  Mr.  G.  R.  Mickle  in  1892  makes  the  following  statement  as 

to  these  ores: 

"Polishdng  ond  side  of  rather  large  pieces  gives  very  pretty  results.  In  the  ore 
from  the  Vermilion  mine  one  sees  plainly — ^much  more  plainly  than  on  the  surfaces  of 
fracture — the  intergrowth  of  pyrrhotite.  chalcopyrite  and  characteristic  yellow  lamellae 
which  might  be  either  milLerite  or  polydymite.  Morover  on  a  polished  surface  like 
this  thie  black  rock  inclusions  in  the  sulphides  show  up  plainly.  The  true  nature  of 
these  inclusions  and  their  relation  to  the  ore  is  disclosed  by  the  sections.  One  sess 
then  that  these  black  rock  inclusions  in  no  way  are  sharply  divided  from  the  sulphides 
but  are  connected  with  them  by  quite  gradual  transitions.  Those  of  the  Vermilion  ore 
(-onsist  of  quartz,  brown  mica,  cMorite,  hornblende  and  some  epidote;  those  of  the 
Murra^^oFe  of  triclinic  feldspar,  augite,  which  is  more  or  less  decom^q^ed,  some  brown 
nfica  and  epidote.  The  intergrowth  with  the  ore  is  sucH  an  intimate  one  that  I  cannot 
regard  the  black  specks  as  fragments  enclosed  by  the  ore,  but  can  see  in  them  only 
formations  which  are  of  the  same  age  as  the  ore.  Similar  relations  of  ore  and  country 
rock  occur  also  in  thto  Norwegian  pyrite  and  in  the  pyrrhotite." 

On  the  other  hand  there  have  been  a  few  who  oppose  this  theory,  such  as  Posepny, 
IT  ho  thought  the  presence  of  metallic  sulphides  in  the  magma  of  a  molten  eruptive 
rock  an  impossibility  ;»*  and  H.  W.  Hixon,  manager  of  the  Victoria  mines,  who  appears 
t>  share  Posepny 's  view. '9  Dr.  C.  W.  Dickson  is  one  of  the  latest  defenders  of  the 
theory  of  aqueous  deposition,  and  his  summing  up  of  the  points  which  favor  that 
theory  is  probably  the  best  that  can  be  made.'o  He  seems  however  to  have  been 
singularly  unfortunate  in  the  choice  of  his  material  for  study,  since  he  bas  selected 
almost  without  exception  the  brecciated  rock  material  enclosed  in  the  ore,  and  judg- 
ing by  his  photomicrographs  and  descriptions,  has  not  studied  the  opposite  phase  ia 
which  the  norite  is  thickly  speckled  with  the  ore  particles.  Descriptions  of  such 
specimens  will  be  given  later  under  the  chapter  on  petrography. 

Dr.  Dickson  believes  that  almost  all  the  evidence  favors  the  work  of  water  as  the* 
means  of  deposition  of  the  nickel  ores,  but  in  this  he  is  almost  alone  among  the  geo- 
logically trained  students  of  the  region,   and   is  apparently  opposed  to  the  views  of 
Prof.  Kemp  in  whose  laboratory  he  studied. 

My  own  work  convinces  me  that  the  theory  of  magmatic  separation  accords  best 
with  the  facts,  but  that  there  has  been  some  subsequent  re-arrangement  of  the  ores 
by  solution  and  le-deposition  in  all  the  ore  bodies,  this  being  much  more  marked  in 
offset  deposits  than  in  marginal  ones.  Many  of  Dr.  Dickson's  examples  are  from  offset 
deposits,  and  naturally  enough  for  one  who  bad  but  a  short  time  for  field  work  in 
the  region,  he  does  not  distinguish  their  characters  from  those  of  the  marginal  do- 
posits,  which  point  more  clearly  to  an  origin  from  the  molten  norite. 
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17  Ibid.  1890-91,  128  8;  alto  Ottawa  Naturalist,  1891. 

i8  Genesis  of  Ore  Deposits,  p.  146. 

ipOeoI.  8nd.  Dist..  Eng.  Min.  Jour.,  Dec  29,  1904.  p.  1022. 

ao  Trans.  Am.  Inst.  Mining  Engineers,   Vol.  XXXIV.   pp.  25-65. 
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Points  favorins:  Mas^matic  Differentiation 

Although  the  mode  of  formation  of  these  and  similar  ore  deposits  has  been  widely 
discussed  from  various  sides,  so  that  most  of  the  arguments  for  and  against  their 
igneous  character  have  already  been  presented,  the  question  is  of  so  much  interest  th:it 
it  is  desirable  to  cover  the  ground  once  more;  and  to  begin  one  may  ask  the  defenders 
of  the  hydrothermal  solution  theory  what  is  the  real  source  of  sulphide  ores?  The 
warm  circulating  waters  must  have  obtained  them  from  rocks  of  some  kind,  and  at  no 
very  great  depth,  for  open  fissures  are  not  possible  at  depths  of  more  than  a  few  mile^. 
We  know  that  the  sulphides  of  the  schists  underlying  the  nickel  eruptive  are  only 
slightly  nickeliferous,  and  that  the  probable  source  of  the  ore  must  have  been  some 
boated  mass  of  eruptive  rock.  If  the  original  sulphides  were  obtained  from  a  hot 
eruptive  rock,  they  must  have  formed  part  of  that  magma,  for  there  is  no  other 
source  possible. 

It  has  been  shown  there  is  reason  to  believe  that  the  sheet  of  nickel  eruptive  is  h 
mile  and  a  quarter  thick  and  that  it  is  covered  by  about  two  miles  of  sediments,  ^ 
that  in  the  beginning  its  lower  side,  where  the  ores  occur,  must  have  been  more  than 
three  miles  below  the  surface.  What  theoretical  improbability  is  there  in  supposing 
that  the  sulphides  everywhere  associated  with  the  norite  were  an  original  part  of  th-d 
molten  magma?  If  the  solutions  were  obtained  from  molten,  or  at  least  heated, 
eruptive  rock  at  a  few  miles  depth,  why  should  not  such  an  eruptive  as  the  nickel- 
bearing  sheet  more  than  three  miles  down  bring  the  sulphides  with  it?  This  should 
be  sufficient  answer  to  Posepny,  who  believed  that  sulphides  could  not  form  part  of 
a  molten  rock.  We  Tsnow  that  sulphides  do  form  parts  of  such  rocks,  and  there  seems 
no  inherent  reason  why  from  a  mile  and  a  quarter*^  thickness  of  magma  sulphides 
enough  to  make  the  nickel  deposits  should  not  separate  out,  probably  helped  by  gravi- 
tation. 

The  arguments  for  magmatic  segregation  in  the  Sudbury  district  may  be  given 
briefly  as  follows: 

1.  The  ores  are  everywhere  associated  with  the  norite  of  a  single  eruptive  sheet. 
No  ore  occurs  without  norite.  No  long  stretch  of  the  lower  edge  of  the  norite  or  its 
dike-like  offsets  is  entirely  devoid  of  ore. 

2.  Norite  and  ore  are  mixed  in  every  degree  from  rock  enclosing  scattered  particle"* 
of  ore,  to  pyrrhotite-norite  in  which  ore  and  rock  are  in  equal  amounts,  and  finally 
to  almost  pure  ore  with  a  few  rock-forming  minerals  scattered  through  it.  This 
lelationship  is  found  at  every  mine.  Norite  spotted  with  ore  is  sometimes  found  in 
bands  a  long  distance  from  the  nearest  ore  body  and  separated  from  the  basic  ed«je 
by  rock  free  from  ore. 

3.  The  adjoining  rock,  granite,  gneiss,  greenstone  or  graywack^,  is  never  spottei] 
with  ore,  and  separated  bodies  of  ore  are  never  enclosed  in  it,  but  veinlets  of  ore  may 
penetrate  the  country  rock,  and  almost  always  blocks  of  it  are  enclosed  in  the  ore. 
The  shattering;  and  crushing  of  tTie  country  rock  took  place  when  the  nickel-eruptive 
forced  its  way  between  the  upper  sediments  and  the  lower  crystalline  rocks,  and  th# 
heavier  and  probably  more  fluid  sulphides  filled  all  the  spaces  thus  opened.  There 
are  often  clean  walls  of  country  rock  against  large  bodies  of  pure  ore. 

4.  The  freshest  norite  is  generally  close  to  the  ore  bodies  and  is  often  shotted  with 
ere.  The  best  preserved  hypersthenes  at  the  Murray,  Creighton  and  Gertrude  min^ 
are  in  sections  containing  sulphides  and  not  in  specimens  free  from  sulphides  at  i 
distance  from  the  mines.  No  considerable  amount  of  re-arrangement  caused  by  water 
could  have  taken  place  without  changing  so  susceptible  a  mineral  as  hypersthene  int> 
secondary  minerals. 

5.  The  marginal  ore  bodies  show  hardly  a  trace  of  hydrothermal  or  pneumatolytic 
action.  There  are  seldom  any  of  the  minerals  usual  in  deposits  formed  by  water  except 
very  small  quantities  of  quartz  and  calclte,  and  these  are  often  in  seams  cutting  th« 
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ore  and  evidently  of  later  formation.  There  is  no  banding  such  as  one  finds  where 
cavities  are  filled  with  minerals  deposited  from  solution;  nor  are  there  concentrio 
structures  about  the  rock  fragments  enclosed  in  the  ore. 

6.  The  deposits  are  extremely  uniform,  as  shown  by  Dr.  Barlow,  a  fact  hard  to 
account  for  in  mines  scattered  along  a  length  of  do  miles  with  entirely  different  country 
locks  on  one  side  unless  they  have  had  a  single  source,  the  norite,  which  is  as  monoton- 
ous as  the  ores  themselves. 

7.  The  largest  ore  bodies  are  where  bays  of  the  norite  project  into  the  country 
rock  or  on  offsets  from  such  funnel-like  bays;  there  is  seldom  a  deposit  of  imporxance 
along  a  straight  margin ;  and  no  ores  are  found  on  parts  of  the  margin  which  project 
inwards  instead  of  outwards.  This  is  intelligible  if  the  ore  settled  into  the  hollows 
under  the  molten  sheet,  but  quite  unaccountable  if  it  was  brought  in  solution  from 
elsewhere  along  the  channels  furnished  by  the  contact. 

While  the  whole  of  the  ore  belonged  originally  to  the  magma  of  the  eruptive  sheet, 
some  parts  of  it  have  been  dissolved  and  re-deposited  in  all  the  mines,  for  instance 
in  fissures  in  diabase  dikes  which  cut  the  ore  bodies;  and  the  process  of  re-arrangement 
is  more  marked  in  offset  deposits  than  in  marginal  ones.  In  them  there  are  often  small 
quantities  of  quartz  and  carbonates  probably  deposited  by  water.  Finally  there  are  a 
lew  deposits  accompanied  by  little  norite  and  containing  arsenical  compounds,  nioolite 
and  gersdorffite,  such  as  the  Worthington  and  Vermilion  mines,  which  may  have  been 
iormed  principally  through  the  action  of  heated  water  circulating  along  fissures  ac 
distances,  sometimes  miles,  away  from  the  edge  of  the  great  eruptive  sheet. 

TYPES  OF  ORE  DEPOSITS 

The  Sudbury  ore  deposits  have  been  described  in  various  ways  by  different 
cbservers,  as  veins,  or  stockworks,  or  lenses,  and  there  are  examples  that  suggest  all 
o*  these  forms,  though  none  of  them  seems  really  characteristic.  Vein-like  deposits 
with  continuous  well  defined  walls  reaching  for  any  distance  are  unknown,  though  a 
small  outcrop  of  ore  southwest  of  Copper  Cliff  somewhat  suggests  a  vein.  The  brecciiated 
rock  enclosed  in  ore  and  the  narrow  seams  of  ore  projecting  into  the  country  rock 
round  at  many  mines^  such  as  the  Mount  Nickel  and  Blezard.  have  some  of  the  usu^l 
features  of  a  stockwork,  but  this  arrangement  of  rock  and  ore,  though  more  or  less 
present  at  the  edge  of  the  underlying  country  rock  at  all  the  mines,  is  not  the  most 
prominent  feature,  since  it  often  passes  into  solid  ore  with  hardly  any  rock  at  the 
larger  mines.  The  term  lens  also  is  not  entirely  appropriate,  since  it  implies  a  deposit 
tRicker  in  the  middle  and  narrowing  in  each  direction,  with  fairly  definite  walls  of 
country  rock,  conditions  seldom  found  in  the  nickel  district.  On  the  whole  then  none 
of  the  names  mentioned  seem  entirely  suitable,  and  it  is  hard  to  suggest  a  good  general 
term  for  the  deposits. 

Looking  at  tLe  nickel  ranges  in  a  broad  way  two  or  three  types  of  deposit  seem 
pretty  distinct,  as  suggested  in  a  former  report  of  the  Bureau  of  Mines  ;2»  and  this 
accords  fairly  well  with  Dr.  Barlow's  treatment  of  the  question,  since  he  also  makes 
three  types,  though  with  somewhat  different  definitions.^a  The  types  of  greatest  import- 
ance may  be  spoken  of  as  Marginal  Deposits  and  Offset  Deposits. 

Mars^inal  Deposits 

The  marginal  deposits  are  found  at  the  basic  edge  of  the  eruptive  sheet  along  the 
contact  with  the  underlying  rock,  and  so  have  to  the  southeast  on  the  southern  range 
and  to  the  northwest  on  the  northern  range  a  wall  consisting  of  the  older  rocks,  gneiss, 
granite,  greenstone  or  graywack^.  This  is  generally,  however,  very  uneven  and  irregular, 
especially  on  the  southern  range,  and  often  modified  by  faulting.  On  the  nortK<>Tw  Tva\^-^ . 


311903,  pp.  878-280.  aaGeoh  finr.  Can.,  Vol.  XIV,  Part  B,  i».  1^. 
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a>  at  the  Levack  mines,  the  gneiss  of  the  foot  wall  dips  southeast  at  from  20^  to  40^, 
and  the  ore  follows  it  as  an  irregular  sheet.  On  the  southern  range  the  underlying 
locks  have  generally  been  a  good  deal  shattered  and  faulted,  so  that  there  is  less 
regularity,  the  foot  wall,  if  it  may  be  so  called,  being  rugged  and  much  broken  up, 
but  having  in  the  main  northwestward  dips  of  40^  to  60^.  Fault  planes,  as  at  North 
Star,  may,  however,  provide  a  well  marked  foot  wall  with  a  steep  dip  of  65^  to  80°<. 

On  the  inward  side  toward  the  norite  there  is  seldom  anything  which  can  be  called 
a  wall,  unless  some  faulting  has  occurred,  and  the  ore  deposit  practically  blends  into 
the  norite,  work  being  stopped  in  that  direction  when  the  mixture  of  ore  and  rock 
becomes  too  poor  to  exploit. 

The  marginal  deposits  then  are  irregidar  sheets  of  ore  penetrating  slightly  and 
enveloping  fragments  of  the  foot  wall  and  fading  out  on  the  hanging  side  into  norite 
with  too  little  ore' to  be  workable.  They  always  dip  inwards  toward  the  axis  of  the 
syncline.  They  may  have  any  thickness  from  a  few  feet  of  solid  ore  with  a  correspond- 
ing thickness  of  mixed  ore  and  rock  to  250  feet  of  pure  and  mixed  ore  in  all;  and  the 
length  is  equally  variable  but  usually  several  times  the  thickness,  in  the  case  of  the 
Creighton  mine  reaching  several  hundred  feet.  In  fact  one  deposit  may  be  connected 
by  a  fringe  of  ore  along  the  edge  of  the  norite  with  another  a  quarter  or  a  half  mile 
away,  as  the  Murray  mine  is  connected  with  the  Elsie.  How  deep  the  ore  bodies  go  on  th^ 
incline  in  unknown,  since  the  deepest  workings  are  not  beyond  172  feet  (at  the  Blesard 
mine),  though  diamond  drilling  proves  that  the  Creighton  ore  occurs  at  a  d^th  of  400 
feet,  and  its  great  open  pit  reaches  140  feet.  Theoretically  there  is  no  reason  why  theie 
ore  bodies  should  not  extend  downwards  indefinitely  if  the  basin-shaped  depression  rf 
the  country  rock  continues,  and  it  would  be  most  interesting  to  have  a  few  drill  holei 
sunk  at  some  distance  in  from  the  basic  edge  where  an  important  deposit  occurs  in 
cider  to  test  the  matter. 

The  marginal  deposits  include  the  Creighton  mine,  which  may  safely  be  callt»i 
Ihe  greatest  nickel  mine  in  the  world,  having  already  produced  probably  more  thaa 
500,000  tons  of  rich  ore,  and,  as  it  is  supposed  from  the  results  of  diamond  drilling, 
having  millions  of  tons  in  reserve. 

Offset  Deposits 

Offset  deposits  occur  on  dike-like  projections  from  the  basic  edge  of  the  norite, 
and  the  type  will  be  considered  to  include  isolated  ore  bodies  on  small  outcrops  of  norite 
which  represent  the  continuation  of  an  offset  after  a  short  interruption,  in  this  res^ 
pect  differing  from  Dr.  Barlow's  classification,  in  which  the  separate  ore  bodies  are 
put  in  a  third  type.  In  general  character  the  ore  bodies  in  isolated  outcrops  of  the 
norite  differ  hardly  at  all  from  those  on  the  dike-like  projections  from  the  main  range, 
and  we  may  safely  assume  that  there  are  or  were  channels  connecting  them  with  it, 
either  beneath  the  surface  or  above  the  present  surface,  through  rocks  which  hare 
since  been  eroded  away. 

« 

The  offset  ore  bodies  are  as  irregular  in  form  as  the  marginal  ones,  but  they  do  not 
often  show  the  one-sided  arrangement  forced  on  the  others  because  of  their  poeiUon 
letween  the  overlying  norite  and  the  underlying  country  rock.  Often  they  are  mdelT 
cylindrical  or  oval  with  an  elongation  in  the  direction  of  the  offset,  and  where  the  offset 
'««  narrow  they  may  in  places  fill  almost  the  whole  width  to  the  more  or  lees  complete 
exclusion  of  the  norite.  They  are  apt  to  occur  at  the  end  of  a  norite  offset  or  where 
there  is  some  obstruction  of  the  channel,  and  very  large  chimney-like  masses  of  or^ 
may  be  found  in  small  outcrops  of  norite,  as  at  Copper  Cliff  or  Stobie. 

The  best  known  of  this  type  of  mines  is  the  Copper  Cliff,  where  an  uregularlf 

oval  body  of  ore,  split  in  the  lower  part  by  a  horse,  has  been  followed  down  1,000 

feet,  with  an  average  width  of  50  to  ^  i^je^t  Vtl  oxkft  ^vc%(^\.\»tl  and  76  to  200  feet  in  the 
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opposite  one.  The  cylinder  dips  at  an  angle  of  77^^  toward  the  northeast.  The 
reighboring  mine  to  the  north,  No.  2,  has  also  a  cylindrical  shape,  but  its  section  is 
much  greater,  about  120  by  230  feet,  and  its  known  depth  only  400  feet.  This  ore 
body  Ls  nearly  vertical  with  a  slight  inclination  to  the  west. 

The  Stobie  mine  is  an  example  of  a  very  irregular  offset  deposit,  large  bodies  of 
ore  being  loosely  connected  with  one  another  at  various  levels.  More  than  400,000 
tons  of  ore  have  c(»ne  from  it,  and  it  is  said  to  be  far  from  exhausted. 

In  a  general  way,  the  offset  deposits  show  the  same  mingling  of  ore  and  rock 
cbserved  in  the  marginal  deposits,  fragments  of  country  rock  of  all  sizes  being  enclosed 
in  ore,  and  intimate  mixtures  of  ore  and  norite  occurring  on  their  rock  dumps;  there 
are  however  more  evidences  of  the  action  of  water,  such  as  quarts  and  carbonates  m 
small  amounts,  and  even  traces  of  other  sulphides  such  as  galena. 

There  should  perhaps  be  a  third  type  of  ore  deposit  defined  in  which  little  or  no 
undoubted  norite  is  found  and  so  much  evidence  of  pneumatolytic  action  that  it^ 
formation  should  be  considered  due  almost  entirely  to  the  action  of  water,  though  the 
materials  were  derived  from  the  norite.  This  division  might  include  the  Vermilion 
mine  and  possibly  also  the  Worthington  and  one  or  two  others  in  the  same  region. 

A  good  deal  of  confusion  has  resulted  in  the  past  from  the  non-recognition  of  the 
difference  in  type  of  the  two  chief  kinds  of  ore  deposits,  and  Dr.  Dickson's  work, 
which  appeared^ince  the  distinction  had  been  made  by  the  Bureau  of  Mines,  is  aeriously 
injured  by  not  observing  it.  To  draw  inferences  from  the  earlier  worked  chimney-like 
ore  bodies  near  Copper  Cliff,  with  their  nearly  vertical  attitude,  relatively  small  amount 
of  much  altered  norite,  and  considerable  exidenoe  of  water  action,  and  apply  the 
results  to  the  marginal  type  of  deposits  in  quite  unjustifiable;  and  can  only  lead  to 
error. 

THE  SOUTHERN  RANGE  IN  DETAIL 

The  special  work  done  in  the  Sudbury  district  has  naturally  been  the  examination 
and  mapping  of  the  nickel  ranges  and  their  associated  rocks,  and  this  has  been  carried 
out  in  detail  at  the  various  nickel  mines  of  the  region,  the  parts  of  the  area  which 
are  less  important  from  the  economic  side  receiving  less  attention.  As  our  work 
focussed  mainly  on  the  basic  edge  of  the  nickel-bearing  eruptive  and  its  offsets,  the 
only  parts  where  valuable  ore  deposits  have  been  found,  it  will  be  convenient  to  follow 
the  basic  edge  of  the  eruptive  in  detail,  describing  the  ore  deposits  and  adjoining  rocks 
and  referring  to  the  results  of  mining  operations.  The  acid  edge  of  the  eruptive  will 
also  be  sketched  with  its  associations,  but  in  a  more  summary  way.  As  it  has  been 
fcund  that  the  width  of  the  eruptive  has  an  important  bearing  on  the  number  and 
siise  of  ore  bodies  it  is  advisable  to  take  up  both  edges  of  the  sheet,  the  upper,  or  acid, 
as  well  ae  the  lower,  or  basic,  edge  in  order  to  give  a  complete  account  of  thJe  ranges. 

Our  work  has  proved  that  in  reality  the  outcrop  of  the  nickel-bearing  sheet  is  con- 
tinous  round  the  whole  basin,  though  hidden  for  a  distance  by  gravel  plains  toward  the 
southeastern  comer,  yet  the  custom  of  the  region  divides  the  known  ore  deposits  into 
two  ranges,  the  main  or  southern  range  and  the  northern  range,  and  it  will  be  con- 
venient to  follow  this  usage.  We  shall  begin  at  the  southwest  end  of  the  boat-shapad 
basin  and  work  northeastwards  along  the  southern  range,  and  afterwards  take  up 
the  northern  range  in  a  similar  way.  The  ranges  will  be  looked  on  as  continuous,  the 
norite  edge  being  followed  the  whole  way,  though  sometimes  for  miles  no  ore  bodies 
are  known  to  exist  along  it.  The  offsets  will  be  described  along  with  the  main  ranges, 
so  as  to  give  the  relationships  in  the  most  comprehensive  way,  though  in  many  cases 
the  actual  physical  connection  between  the  two  may  not  be  apparent  on  the  surface. 

It  need  hardly  be  said  that  the  present  nickel-bearing  rocks  are  only  a  remnant 
t/i  a  sheet  which  formerly  extended  more  widely  in  all  directiona  and  ^«t\iv^%  ^>«s^«t^ 
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more  than  double  its  present  area.  That  weathering  and  erosion  have  destroyed  hun- 
dreds of  cubic  miles  of  the  rock  and  millions  of  tons  of  the  ore  is  evident  from  ihi 
present  arrangement  of  things  at  the  truncated  edges  of  the  sheet,  so  that  we  can 
now  examine  the  condition  of  a£Pairs  at  a  depth  of  at  lea^t  two  or  three  miles  below  the 
original  surface  of  the  country.  In  the  beginning  the  basic  edge  of  the  southern  range 
was  covered  by  the  overlying  eruptive  sheet  to  a  depth  of  nearly  two  miles,  and  above 
this  we  may  suppose  that  the  sediments  of  the  Trout  lake  conglomerate,  Onaping  tuS, 
Onwatin  slate  and  Chelmsford  sandstone,  reached  a  thickness  of  two  miles.  It  is  then 
the  basement  of  the  region,  where  much  fracturing,  faulting  and  settlement  went  on 
during  the  excessively  slow  cooling  of  the  molten  sheet,  that  is  at  hand  for  study,  and 
many  points  will  be  more  intelligible  when  this  is  borne  in  mind. 

Sultana  Nickel  Mine 

At  the  southwest  end  of  the  southern  nickel  range  is  the  Sultana  nickel  mine, 
reached  from  Worthington  on  the  Sault  branch  of  the  Canadian  Pacific  Railway,  by 
a  road  about  7  miles  in  length.  The  deposit  is  on  lots  7  and  8  in  the  VI  concession  of 
Drury  township,  and  the  same  lots  in  the  I  concession  of  Trill.  The  houses  and  office 
used  during  the  development  of  the  property  stand  near  the  corner  post  between  the 
lots  just  mentioned ;  and  the  strippings  and  other  workings  follow  the  foot  of  the  hill  in 
a  direction  10  degrees  west  of  north  for  about  a  quarter  of  a  mile  from  the  comer  poet, 
BO  that  the  actual  workings  are  in  lot  8  of  Trill;  but  one  or  two  small  outcrops  occur 
on  the  hillside  at  a  distance  of  9  or  10  chains  south  of  the  corner  post  also.  Part  of  the 
deposit  is  therefore  in  Drury,  and  the  known  extent  of  the  ore  is  three-tenths  of  a  mile. 
It  is  probable  that  careful  search  would  disclose  ore  still  farther  to  the  south  along  the 
edge  of  the  hill,  but  the  bush  is  thick  and  no  other  hints  of  gossan  were  found. 

Most  of  the  ore  to  the  north  of  the  camp  is  along  the  lower  flanks  of  the  hill,  but 
an  offset  runs  9  chains  to  the  west  a  little  north  of  the  corner  post,  and  two  large 
strippings  at  this  point  show  ore  at  the  hill  top  117  feet  above  the  flat  at  the  bottom. 

There  are  three  shafts,  respectively  13,  19  and  22^  chains  to  the  north  of  tho 
corner  post,  and  beyond  the  last  shaft  the  hill  turns  off  to  the  west,  and  no  more  ore 
is  to  be  seen.  The  deepest  shaft  is  said  to  be  down  110  or  120  feet ;  and  there  is  a  con- 
siderable quantity  of  ore  on  the  dumps.  A  drill  hole  sunk  a  little  to  the  east  of  the 
last  shaft  showed  36  feet  of  clay  and  sand,  then  norite  followed  by  some  ore,  and 
finally  greenstone  with  more  or  less  ore.  The  dip  of  the  rock  surface  between  the  shaft 
and  the  drill  hole  is  about  40  degrees  to  the  east. 

In  general  the  ore  in  this  locality  seems  to  lie  in  depressions  of  the  hill  as  if  it  had 
settled  into  the  lowest  places.  As  the  rocky  hills  bounding  the  swampy  valley  to  the 
east  and  west  seem  to  be  converging  toward  the  south,  it  is  not  unlikely  that  ore  may 
be  found  beneath  the  ewamp  or  drift  in  that  direction,  but  up  to  the  presnt  none  has 
been  reported;  nor  is  it  known  if  an  offset  runs  southwards  into  Drury  township. 

The  rocks  forming  the  hill  west  of  the  gossan  are  not  Laurentian,  as  suggested 
on  the  old  maps,  but  are  more  like  Huronian,  since  they  include  green  schist  and 
diorite,  with  irregular  patches  of  what  appears  to  be  norite  penetrating  them  and 
snowing  on  the  flank  of  the  hill  toward  the  low  ground.  Much  of  the  hill  has  the 
look  of  crush  conglomerate. 

The  norite  north  of  the  Sultana  is  greatly  mixed  with  older  rocks,  especially  a 
flesh-colored  arkose,  and  for  half  a  mile  in  that  direction,  if  it  were  not  for  the  finding 
of  the  basic  cxlge  near  the  mine  and  the  acid  edge  still  farther  north,  one  would  be  in 
doubt  as  to  the  relationship.  There  was  a  great  amount  of  crushing  and  faulting  of 
the  older  rocks  with  the  eruptive  toward  this  narrow  southwest  end!  of  the  boat-shaped 
trough;  but  the  thickly  wooded  surface  prevents  a  very  complete  study  of  the  g6olog>. 
Just  west  of  the  Sultana  mine  the  boundary  of  the  norite  is  hard  to  trace,  but  about 
n  mile  to  the  northwest  it  i.«  clearly  seen  again  not  far  from  a  wagon  road,  now  fallen 
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into  ruin  and  grown  up  with  bufihes,  on  the  way  to  the  Trillabelle  or  Gillespie  mine, 
and  there  appears  to  be  a  small  bay  of  mixed  Laurentian  and  Huronian  projecting 
into  the  eruptive  to  the  north  of  the  Sultana. 

To  the  east  of  the  hill  along  whose  slope  the  Sultana  ore  is  found  a  wide  swamp 
stretches  across  the  valley  toward  what  is  called  the  Sultana  East  property,  where 
gossan  shows  on  a  hillside  facing  northwest  and  runs  round  the  end  of  the  hill  just 
within  the  township  of  Trill,  and  then  enters  the  VI  concession  of  Drury  in  lot  7,  run- 
ning a  little  south  of  east  into  the  next  lot.  I'he  hillside  dips  away  into  a  swamp  to 
the  north,  and  gossan  with  small  pits  showing  ore  extends  for  about  230  yards.  Be- 
tween the  outcrops  on  each  side  of  the  valley  one  low  hill  of  gray  norite  rises  above 
the  muskeg,  but  no  ore  has  been  found  there.  The  country  rock  of  the  Sultana  east 
is  greenstone  mixed  with  coarse  gabbro  or  anorthosite  and  a  little  gneissoid  rock,  so 
that  it  belongs  to  the  Keewatin  or  Huronian.  The  northward  slope  of  the  hill,  which 
represents  the  foot  wall  of  the  ore,  is  not  far  from  40^. 

To  the  east  of  the  Sultana  the  basic  edge  of  the  eruptive  bends  southeast,  is  not 
accompanied  by  ore,  and  consists  of  medium  to  coarse-grained  norite  with  granite  or 
gneiss  to  the  south,  a  band  of  swamp  usually  separating  the  two  rocks,  and  in  lots  3 
and  4  hiding  the  contact  altogether. 

The  Chicas^o  Mine 

A  mine  variously  called  the  Chicago,  or  Travers,  or  Inez,  in  lot  3,  con.  V  of  Drury 
township,  is  the  next  point  where  ore  has  been  found.  It  is  reached  by  the  road  from 
Worthington  mentioned  before  and  was  formerly  connected  with  the  railway  at  that 
point  by  a  curious  overhead  tramway  with  only  one  rail,  from  whdch  buckets  were 
suspended  and  drawn  by  horses. 

The  mine  is  on  an  ofFset  at  a  distance  of  about  a  quarter  of  a  mile  from  the  basic 
edge,  Laurentian  appearing  between,  while  the  ore  is  enclosed  in  a  very  mixed  Keewatin 
or  Huronian  rock  consisting  of  greenstone,  green  schist,  porphyrite  and  anorthosite. 
The  workings  include  a  small  Qpen  pit  and  a  shaft  reaching  a  depth  of  160  feet,  and 
the  pockets  of  ore  do  not  seem  to  have  been  large,  though  some  thousands  of  tons 
were  roasted  and  smelted  to  matte  at  the  mine,  the  products  being  trammed  to 
Worthington  and  shipped  away. 

The  houses  connected  with  the  mine  are  placed  some  distance  to  the  north  of  the 
shaft  house  and  smelter,  near  the  basic  edge  of  the  eruptive,  which  consists  of  coarse 
gray  norite. 

Acid  Edge  in  Trill  and  Fairbank 

The  acid  edge  of  the  nickel-bearing  eruptive  is  best  studied  form  a  succession  of 
small  lakes  which  follow  its  margin  and  give  good  sections  of  its  contact  with  the  con- 
glomerate and  tuff.  The  edge  runs  north  and  south  across  Ross  lake  and  an  unnamed 
lake  half  a  mile  to  the  south,  then  turns  east  to  Cameron  lake,  and  continues  east  to 
the  northwest  corner  of  "Fairbank  lake.  From  Cameron  lake  to  Sultana  mine  the 
eiuptive  Ls  only  two  miles  wide,  but  at  Fairbank  lake  the  width  increases  to  four  miles. 
Near  the  unnamed  lake,  and  also  Ross  lake,  the  boundary  rises  as  sharp  hills  nearly 
300  feet  high,  and  the  sedimentary  rocks  seem  to  have  been  much  crushed  and  faulted, 
probably  because  of  the  narrowness  of  this  end  of  the  basin.  The  basal  conglomerate 
19  prominent  with  very  large  granite  boulders,  and  coarse  white  quartzite,  dark  gray 
cherty  rock,  and  hardened  tu£P  occur  somewhat  mixed  with  felsitic  looking  rocks.  The 
acid  edge  itself  conBlsts  of  fine-grained  dark  greenish,  schistose,  materia]  which  is  far 
from  suggesting  syenite  or  granite^  but  really  consists  mainly  of  micropegmatite. 

The  north  shores  of  Fairbank  lake  are  formed  of  the  same  dark  green  schistose 
phase  of  the   acid  edge,  while  farther  south   there   are   dark   reddish  syenitic  lookvcv^ 
recks  followed  by  gray  norite  south  of  the  lake  to  the  Chicago  mm^. 
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Atter  touching  the  northwest  bay  of  Fairbank  lake  the  auid  c^ne  first  runs  ea«t- 
r.-ards  and  then  northeast  to  Gordon  lake,  and  at  a  peninsula  toward  its  east  end  bendi 
southward  for  fully  a  mile,  after  which  it  turns  northeast  once  more  from  about  Uie 
middle  of  lot  4,  con.  II,  in  the  township  of  Fairbank.  The  boundary  between  th«  acid 
eruptive  and  the  conglomerate  is  often  very  indistinct  along  this  eharp  Houthward  benl, 
bands  of  rock  without  pebbles  alternating  without  r^ularity  with  parts  crowded  with 
jiebbles,  the  whole  forming  a  belt  a  mile  or  more  in  width.  The  strike  of  the  schisto  i 
structure,  which  is  well  marked  in  the  acid  edge  as  well  aa  in  the  rolled  out  congl<Mii- 
erate,  is  05°  or  70°,  and  not  parallel  to  the  direction  of  the  eruptive  ctmtact,  a  featun 
very  seldom  seen  elsewhere  in  the  basin.  The  dip  of  the  schistosity  is  about  45^  to  tbo 
southeast;  but  the  dip  of  the  stratification,  as  somewhat  vaguely  shown  by  band; 
crowded  with  pebbles  and  boulders,  is  25°  or  30°  to  the  N.  W.  It  is  likely  that  tb: 
great  width  of  the  conglomerate  in  this  part  ia  due  to  a  flattening  of  the  dip  caused 
hy  faulting  in  the  Archean  supports  of  the  eruptive  sheet  near  Vermilion  mine,  u 
will  be  noted  later. 


The  Victoria  Mine  Region 

Returning  to  the  basic  edge  of  the  eruptive,  it  may  be  followed  east  from  th* 
Chicago  mine  to  the  boundary  of  Denison  township,  where  for  some  distance  it  dis- 
appears under  drift  materials.  The  most  westerly  ore  deposit  in  the  township  ig  in 
the  south  half  of  lot  11,  con.  V,  or  perhaps  the  north  half  of  the  same  lot  in  the  IT 
concession,  the  boundary  lines  being  almost  impossible  to  follow  in  tlus  township. 
Ihere  are  two  large  pite  and  several  smaller  openings  or  etrippings  disclosing  a  goo-1 
deal  of  mixed  ore,  which  lies  against  a  hill  of  greenstone  and  green  schist.  To  tbe 
north  the  low  ground  is  largely  swamp,  but  some  coarse-textured  norite  occurs,  boi 
(imes  crushed  and  sheared  into  conglomerate  or  squeezed  into  schist. 
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The  BcbistoHe  rock  to  the  south  has  a  dip  of  T^^^  or  80°  to  the  south,  and  not  far 
from  the  ore  deposit  there  is  »  Urge  quarts  rein  running  parallel  to  the  schistose 
stmoture.  Thb  has  been  mined  to  some  extent  to  provide  the  ailiciona  lining  of  con- 
verters at  the  Victoria  emelter. 

The  basic  edge  turns  northeast  for  a  mile  beyond  this  opening,  though  the  boun- 
dary is  raostl7  hidden  under  swamps,  and  then  aoutheaot  to  Victoria  mine  on  lot  S 
in  the  IV  con.  of  Denison,  much  the  most  important  mine  in  the  western  part  of  th» 
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wmthem  niokel  range.  At  Victoria  mine  a  long  offset  starts  to  the  sontb  and  soutbweit 
ioelnding  the  Worthington  mine,  and  another  shorter  one  toward  the  southeast  to  the 
Vermilion  mine;  but  both  are  more  or  less  disccntinuoua,  narrowing  and  widening  or 
diBAppe^ring  for  a  time  altogether,  so  that  the;  are  hard  to  follow.  The  basic  edge 
of  the  eruptive  turns  northcaat  for  a  mile  beyond  the  Victoria  mine,  so  that  we  may 
consider  this  ore  body  as  lying  at  the  end  of  a  funnel  which  opens  into  the  narrow 
offseta  jnat  mentioned.  Ore  deposits  or  gossan  are  found  for  half  a  mile  northwest  cf 
the  mine  and  also  for  some  distance  to  the  northeast,  while  to  the  north  the  usual 
coarse  gray  norite  stretches  for  a  mile  or  two.  Several  of  the  minor  ore  bodies  have 
teen  opened  up  by  the  Mond  Company  by  small  shafts  or  teet  pits,  but  the  main  work 
baa  been  done  at  Victoria  mine  itself,  where  the  funnel  narrows  to  its  outlet. 
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The  country  rock  to  the  southwest  and  southeast  consists  of  varioua  greenstones, 
such  as  diorite,  hornblende  porphyrite,  and  green  schist,  followed  by  chloritic  slate 
interbanded  with  quartzite,  and  all  these  rocks  appear  on  the  dump  at  the  mine, 
ati  well  as  fine-grained  gabbro  and  actinolite  rock  probably  resulting  from  ite  alteration. 

There  are  two  large  open  pits  near  the  shaft  house,  showing  the  rocks  just  men- 
tioned, but  mining  is  now  being  carried  on  by  a  shaft  which  reaches  a  depth  of  nearly 
560  feet,  and  the  ore  is  known  by  the  results  of  diamond  drilling  to  continue  to  750  feet 
from  the  surface.  As  will  be  seen  from  the  accompanying  plans  there  are  two  some- 
what irregular  ore  bodies  worked  from  the  same  shaft.    The  arrangement  of  the  deposits 
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of  ore  at  Victoria  mine  is  quite  different  from  that  which  has  been  referred  to  at 
Sultana  mine,  since  they  occur  apart  from  the  main  body  of  norite  at  the  beginning 
of  a  narrow  offset,  so  that  neither  wall  of  the  ore  bodies  is  of  norite.  In  nickel  ore 
deposits  of  this  kind  the  dip  approaches  the  vertical,  while  in  the  other  kind  it  may 
he  45°  or  less,  the  ore  resting  on  the  Archean  as  a  foot  wall  and  blending  upwards  into 
the  norite.  The  sides  of  the  funnel  to  the  northwest  and  northeast  of  the  mine  slope 
at  an  angle  of  about  45°  into  the  swamp,  or  an  artificial  lake  used  as  a  water  supply, 
and  the  gossan  upon  them  represents  ore  bodies  arranged  in  the  marginal  way,  as 
contrasted  with  the  main  ore  deposits  at  the  mine,  which  are  offset  deposits. 

This   mine  has  already  furnished   a   large   amount   o?  ore,   aiid.  v%  i^x  ixovcv  >o«vxv% 
worked  out. 
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The  offset  beginning  at  Victoria  mine  runs  southeast  for  a  quarter  of  a  mile, 
shown  by  two  small  hills  stained  with  gossan,  and  then  bends  southwest  toward  Won 
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Lgton.     It  probably  forks  at  the  second  hill,  forming  perhaps  a  subterranean  con 
EKition  with  Vermilion  mine  to  the  southeast. 
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The.WorthinEton  Offset 

The  branch  ruaning  southwest  has  been  tr&ced  from  the  middle  of  lot  8,  coo.  IT, 
in  Denisou  township,  to  lot  3,  con,  I  of  Drur7,  a  distance  of  41  miles,  said  probaUj 
extends  a  mile  farther.  The  first  part,  as  far  as  a  swamp  north  of  a  small  lake  i; 
lot  12,  con.  Ill,  showe  fine-grained  norite  more  or  less  rusty,  but  with  little  ore;  bnl 
b<>yond  this  small  ore  bodies  have  been  found  at  yarioufi  paints,  ancb  as  the  O'Connor 
shaft,  the  Robinson  drift,  and  the  Totten  mine,  where  a  small  shaft  has  been  sunk, 
liere  a  broad  band  of  diabase  cuts  the  offset,  but  the  rusty  norit«  with  small  pockets 
of  ore  continues  beyond  and  culminates  in  the  Worthington  mine,  which  Eeveral  yean 
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ago  produced  some  thousands  of  tons  of  the  richest  nickel  ore  in  the  district.  A  quarter 
if  a  mile  to  the  southwest  is  the  Mitchener  or  Hamilton  mine,  and  beyond  this  the 
land  of  ruBty  norite  can  be  followed  with  certainty  to  a  small  lake  near  the  southweit 
£nd  of  lot  3,  ctm.  I  in  Drury.  On  the  other  side  of  the  lake  rusty  patches  con  be  traced 
tor  some  distance  into  the  township  oi  Lorne,  but  no  undoubted  norite  is  seen  qusrti- 
ite,  with  some  outcrops  of  greenstone  being  the  rocks  observed.  There  are  patches  ol 
crush  conglomerate  along  this  line  which  may  represent  the  fissure  occupied  by  nickri- 
iferoua  norite  at  'Worthington  and  Victoria  minee. 

At  the  Mitchener  mine  the  fine-grained  norite  is  quit«  distinct,  ka^  is  in  a  eenv 
the  mttrix  of  k   crash    oonglo™^^^^  eontmnni   va^lar    or   roonded    masses  of  tb« 
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adjoining  rocks,  graywacke,  quartzite,  greenfitone^  etc.  The  norite  has  the  character- 
istic spotting  with  blebs  of  ore,  and  a  shaft  has  been  sunk  on  a  small  deposit  -.)f 
Bclid  ore. 

The  Worthington  mine  has  not  been  worked  for  over  eight  years,  and  the  geolog- 
ical relationships  are  not  well  displayed,  but  a  small  amount  of  rusty  norite  and  rocks 
similar  to  those  at  the  Mitchener  mine  are  found  on  the  dump,  as  well  as  actinolite. 
The  norite  masses  are  sometimes  spotted  with  ore  as  in  almost  all  nickel  mines.  The 
minerals  found  at  this  mine  include  pentlandite,  niccolite  and  gersdorffite,  three  rich 
compounds  of  nickel,  accounting  for  the  high  character  of  the  ore;  and  the  same 
minerals  occur  with  pyrrhotite  and  chalcopyrite  at  several  of  the  small  pits  and  shafts 
to  the  northeast. 

The  Vermilion  Mine 

The  other  branch  of  the  Victoria  mine  offset  has  not  been  traced,  but  the  extra* 
ordinary  ore  deposit  at  Vermilion  mine  on  lot  6,  con.  IV  in  Denispn  township,  a  mile 
to  the  east,  evidently  belongs  to  the  nickel  range,  and  so  must  be  connected  in  some  way 
with  the  rest  of  the  deposits.  This  mine,  with  the  Victoria  mine,  are  marked  out  from 
all  the  others  by  containing  in  considerable  quantities  free  gold  and  sperrylite,  the 
arsenide  of  platinum.  From  a  shaft  60  feet  deep  at  Vermilion  mine  the  richest  ore  in  the 
district  has  been  extracted,  but  the  ore  bodies  are  only  small  pockets,  and  may  not 
prove  of  great  value  in  spite  of  their  high  contents  of  nickel  and  copper  and  the  gold 
and  platinum  they  contain. 

The  rocks  enclosing  the  ore  are  varied  and  do  not  include  any  typical  norite, 
though  a  gray-green  gabbro  occurs  and  also  rock  spotted  with  ore.  It  is  probable  that 
these  unusual  ores  reached  their  present  position  in  large  part  by  aqueous  means 
rather  than  by  the  flow  of  molten  sulphides  and  rock ;  but  the  final  solution  of  the 
problem  must  be  left  till  more  extensive  mining  operations  are  carried  on. 

Certain  general  features  of  this  important  section  of  the  nickel  range  should  be 
noticed  before  passing  on.  The  whole  width  of  the  eruptive  is  four  miles,  which  is  aboat 
the  average  for  the  southern  range ;  and  there  is  an  extensive  bay-like  recession  of  the 
p.cid  edge  toward  the  northeast  with  a  corresponding  projection  of  the  basic  edg«5 
toward  the  southwest,  ending  in  the  long  offset  toward  Worthington,  the  one  apparently 
ID  some  way  bound  up  with  the  other.  The  whole  region  south  of  the  nickel  range  i<* 
greatly  broken  up  with  faults  which  often  manifest  themselves  as  irregular  belts  ot 
brecciation  such  as  one  finds  along  the  Worthington  offset,  and  this  is  most  naturally 
explained  by  supposing  a  collapse  of  the  Archean  floor  beneath  this  part  of  the  rang«>. 
perhap»s  because  of  the  unusual  load  of  liquid  rock  resting  on  it,  or  because  the  source 
of  the  magma  wae  beneath  it,  removing  ite  support.  The  main  fractures  resulting  from 
this  collapse  afforded  irregular  channels  through  which  the  lowest  layers  of  the  magma 
(including  molten  ore)  were  forced,  making  breccias  with  a  cement  of  norite  or  of  ore 
and  starting  a  circulation  of  heated  water  charged  with  mineral  solutions  which  pene- 
trated beyond  the  bounds  of  the  molten  rock  itself.  The  presence  of  unusual  ores  and 
of  such  minerals  as  quartz  and  calcite  indicate  the  action  of  water  in  re-arranging  or 
in  transporting  and  depositing  the  ore  bodies. 

Krean  Hill  to  Gertrude 

From  about  the  middle  of  lot  6,  con.  V  of  Donison  township  the  basic  edge  of  the 
norite  runs  nearly  due  east  to  the  boundary  of  the  township,  and  then  northeast  across 
the  Vermilion  river  to  Gertrude.  From  the  gossan  northeast  of  Victoria  mine  to  Krean 
Hill  in  the  south  half  of  lot  5,  con.  V,  a  mile  and  a  half  northeast  of  Vermilion  mine, 
there  is  little  evidence  of  ore  along  the  contact  except  some  rusty  spots  in  the  gre#)n- 
stone  to  the  south.  Beside  greenstone,  green  schist  and  quartzite  are  found  alon^  ^>tu£ 
boundary,  the  direction  of  cleavage  being  50®  or  65°. 
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Krean  hill  rises  as  a  sharp  slope  of  gossany  hillside  which  has  been  partially  strippc^i 
tor  a  quarter  of  a  mile,  and  has  been  opened  up  by  a  few  test  pits.  The  coarse  gr^.v 
corite  coiitains  quartz  and  mica,  and  is  blotched  with  spots  of  gossan  where  blehs  ot 
ore  hare  weathered  out,  and  the  gossan  increases  till  the  surface  of  the  rock  is  covered. 
The  adjoining  rock  is  mainly  greenstone,  often  as  large  or  small  blocks  with  ore  betweea. 
The  ore  is  pyrrhotite  of  an  unusually  platy  kind,  cleaving  with  surfaces  an  inch  square 
A  vein  of  quartz  near  the  west  end  of  Krean  hill  contains  a  little  free  gold,  but  Uiis 
Is  no  doubt  later  than  the  ore  as  a  whole. 

Patches  of  gossan  are  seen  along  the  edge  of  the  norite  from  point  to  point  for 
half  a  mile  east  of  the  main  body,  but  no  deposit  of  importance  is  found  until  the 
township  of  Graham  is  reached,  where  a  shaft  has  been  sunk  by  Mr.  William  McVittie, 
on  lot  12,  con.  V.  The  rock  south  of  the  contact  is  mainly  greenstone  to  the  boundary 
of  Denison,  but  farther  northeast  largely  granite  and  gneiss. 

On  the  east  side  of  the  Vermilion  swampy  country  intervenes  for  half  a  mile,  beyoud 
which  the  boundary  runs  northeast  to  the  township  of  Creighton,  in  lot  7,  where  it 
bends  to  the  east  toward  Gertrude.  Along  thifi  stretch  there  is  little  indication  of 
ore,  and  the  rock  to  the  south  is  mainly  gneiss  or  granite,  with  a  mixture  of  greenstone. 
In  many  places  the  actual  contact  is  hidden  by  muskegs,  but  along  the  line  between 
lots  9  and  10  in  Graham  norite  without  ore  meets  porphyritic  granitoid  gneiss.  The 
color  of  the  nickel-bearing  norite  gradually  becomes  darker  as  one  advances  from  the 
west  end  of  the  southern  range,  and  the  presence  of  grains  of  blue  quartz  and  of  scales 
of  biotite  attracts  attention,  but  the  composition  of  the  rock  as  seen  in  thin  sections 
does  not  vary  much;  the  main  difference  beween  the  extremes  being  the  presence  of 
dusty  particles  in  the  feldspar  giving  it  a  deeper  color. 

Gertrude  Mine 

At  a  small  creek  on  lot  5,  con.  I  of  Creighton  township  the  first  of  the  ore  deposits 
c£  Gertrude  mine  shows  itself,  where  a  small  tunnel  has  been  run  into  the  hill  on  thd 
east.    The  norite  is  partly  coarse  and  partly  fine-grained,  forming  an  irregular  mixture, 
and  the  ore  lies  against  greenstone  and  penetrates  fissures  in  th^  latter  rock.  From  this 
eastward  more  or  lees  gossan  and  norite  spotted  with  ore  extends  to  the  main  workings 
about  on  the  line  between  lots  3  and  4  and  less  than  a  quarter  of  a  mile  north  of  the 
boundary  of  Creighton.     There  are  three  shafts  along  the  line  of  gossan,  and  various 
open  pits,  the  most  important  one  being  the  most  easterly,  where  a  body  of  very  rich 
ore  has  been  worked  out.     The  whole  extent  of  the  goesan  is  about  three-fifths  of  i 
mile,  and  the  most  important  ore  body  is  where  there  is  a  slight  southward  embayment 
rf  the  norite  edge.     Diamond  drilling  north  of  the  open  pit  near  the  eastern  shaft 
discloses  rich  ore  like  that  from  the  pit,   and  indicates  that  the  foot  wall   dips  from 
67°  to  65®  toward  the  north.     There  are  20  feet  of  solid  ore  with  15  feet  of  mixed  ore 
at  a  vertical  depth  of  120  feet.    The  pit  to  the  south  of  the  diamond  drill  holes  appears 
to  be  a  separate  pocket,  perhaps  once  an  upward  continuation  of  the  sheet  of  ore  dis- 
closed by  the  drill  cores,  separated  by  a  fault. 

The  rocks  to  the  south  of  the  contact  are  largely  the  older  norite  merging  into 
greenstone,  often  brecciated  at  the  edge  of  the  ore  bodies  as  if  some  crushing  and 
faulting  had  taken  place  there.  The  rocks  on  the  dump  near  the  open  pit  includo 
norite  dotted  with  ore,  greenstone,  quartzite  or  graywack^,  and  masses  of  actinolite, 
probably  an  alteration  product  of  the  norite,  and  some  well-rounded  pebbles  and 
boulders  of  rock  are  enclosed  in  ore.  In  early  days  the  ore  was  mainly  pyrrhotite.  bat 
later  workings  show  considerable  chalcopyrite  as  well,  and  sometimes  also  pyrite. 
occasionally  in  octahedral  forms.  A  little  quartz  occurs  with  the  ore,  and  seams  of 
quartz  are  found  in  schistose  greenstone  south  of  the  contact. 

To  the  south  of  Gertrude  there  are  rather  low  hills  of  greenstone  of  various  kin  3s 
for    nearly  a   mile,  ponotrati>d   Viowever  b^  dikes  of  granite    and    irregular    areas   of 
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graniCoid    gneiss.      The    latter    reck   increases   in    amount    southwards,    until    the    pro- 
portions are  reversed,  and  the  rocks  may  be  described  as  granitoid  gneiss  with  many 
large  and  small  inclusions  of  the  various  greenstones.    The  gneiss  is  evidently  the  latei 
lock  of  the  two. 

Just  east  of  the  line  between  lots  2  and  3  the  edge  of  the  norite  turns  north  and 
then  curves  east  and  southeast  toward  a  small  lake  at  the  wdst  end  of  the  Creighton 
ore  body.  Where  the  northward  bend  takes  place  there  is  a  small  offset  to  the  south, 
on  which  some  ore  has  been  disclosed  by  stripping,  but  along  the  bend  to  the  norta 
little  gossan  and  no  ore  has  been  seen.  Thie  rock  projecting  northwards  here  is  mainly 
the  fine-grained  phase  of  norite,  often  referred  to  as  ''older  norite,"  and  greenstonn, 
probably  resulting  from  its  re-arrangement,  but  there  is  also  some  grani.e  and  probably 
re-crystallized  arkose  At  one  point  in  lot  2  a  vein  of  rusty  quartz  has  been  prospected 
by  Mr.  McVittie,  who  finds  the  ore  to  contain  $4.50  in  gold  per  ton. 

The  Creighton  Mine 

The  most  important  nickel  mine  in  the  district,  and  one  may  safely  say  also  in 
the  world,  is  the  Creighton;  and  it  will  be  desirable  to  consider  m  some  detail  tlio 
character  of  the  ore  body  and  its  relationship  to  the  enclosing  rocks.  From  the  map 
it  will  be  seen  that  the  Creighton  mine  is  not  in  Creighton  township,  but  near  tho 
middle  of  lot  10,  con.  I  of  Snider,  though  the  ridge  of  gossan-covered  norite  just  to 
the  north  of  the  mine  runs  southwestward  into  lot  1  of  Creighton.  The  position  of  the 
mine  with  reference  to  the  margin  of  the  eruptive  is  of  particular  interest,  since  it 
probably  accounts  for  the  unusual  size  of  the  ore  body.  The  present  great  open  pit 
is  at  the  southeastern  corner  of  the  largest  and  deepest  bay  of  the  ncrite  along  the 
southern  range,  and  the  width  of  the  eruptive  is  here  at  its  greatest,  4i  miles.  Here 
also  we  have  the  greatest  width  of  the  whole  basin,  as  measured  from  Creighton  to 
the  Levack  mine.  This  bay  of  the  norite  lies  between  the  two  great  southern  offsets 
ut  Victoria  mine  and  Copper  Cliff,  but  nearer  to  the  larger  one  at  Copper  Cliff.  We 
may  suppose  that  the  greatest  amount  of  the  fluid  ore  accumulated  beneath  the 
f:reatest  thickness  of  overlying  magma  and  was  caught  in  the  extreme  end  of  the  bay, 
ivhich  had  no  funnel-shaped  outlet  along  a  plane  of  faulting  to  allow  the  ore  to  escape 
and  push  up  as  separate  ore  bodies  along  an  offset,  as  we  find  in  the  two  cases  men- 
tioned. The  theory  given  here  is  practically  the  view  adopted  years  ago  by  some  o*" 
the  best  prospectors  of  the  region,  though  they  contented  themselves  with  the  obser- 
vation that  one  is  most  likely  to  find  a  good  body  where  the  '^diorite"  makes  these 
lay-like  projections. 

The  norite  to  the  north  of  the  mine  is  of  the  usual  kind,  coarse,  dark  gray,  and 
containing  blebs  of  quartz  and  flakes  of  biotite;  but  in  many  places  it  is  more  or  less 
mixed  with  strips  of  greenstone  squeezed  into  schist,  or  masses  of  what  appears  to  h-^ 
diorite;  and  near  the  contact  granite,  porphyritic  granitoid  gneiss,  and  arkose  are 
enclosed  also.  Even  hundreds  of  yards  to  the  north  some  pitting  of  the  surface  is 
noticed,  due  to  the  weathering;  out  of  spots  of  ore,  and  this  increases  till  the  edce  of 
the  ridge  facing  southeast  is  reached,  where  much  of  the  norite  and  the  included 
blocks  of  other  rocks  is  covered  with  gossan.  This  is  not,  however,  uniform,  but  runs 
in  short  bands  parallel  to  the  edge  of  the  hill,  one  band  ending  and  another  one 
beginning  a  little  above  or  below,  suggesting  a  corresponding  banding  of  the  blebs 
of  ore  in  the  rock.  At  the  base  of  the  hill  is  a  narrow  strip  of  swamp,  ending  toward 
the  east  in  a  small  lake,  and  the  large  pit  is  between  the  two.  Evidently  the  boggy 
depression  represents  ore  which  Was  been  weathered  and  removed. 

The  rock  to  the  southeast  is  coarse  flesh-colored  granitoid  gneiss,  often  porphyritic, 
containing  occasionally  masses  of  greenstone  and  cut  by  finer  grained  syenite  or  gneiss. 
These  rocks  just  beyond  the  open  pit  and  the  swampy  strip  which  represents  the 
westward  continuation   of  the  ore  rise   little  above  the   flat,  but  ow^  at   \.^a  V\«v^x^^ 
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T*'ds  beyond  form  otMp  and  ragged  hilbt  t&ncb  higlier  thui  thA  noritA  ridga  to  tbt 
nortiiweat.  The  hill  behind  the  villkge  ahows  en  extreordinerj  mixture  of  rocki,  ooeiM 
f  orphTritio  grenite,  well  bended  gneua,  hornblende  echist,  hornblende  porphyrit«  ud 
«  mediom-gnuned  grey  ernptiTe,  the  whole  cnt  by  fenlte  which  tometimee  fonwd 
ornah  oonglomerste  or  breccia  oontaining  sereral  kinds  of  bonldera. 


Creighl. 


open  pit,  Urtt  level,  August,  1904. 


The  greet  open  pit  of  the  Creigbton  mine  affords  the  beat  opportunity  for  etudf- 
ing  the  intimate  reletione  of  ore  and  rock  to  be  found  in  the  r^ion.  The  originel 
pit  was  60  feet  deep  end  almost  in  solid  ore,  but  as  it  was  enlarged  to  the  northeaat, 
northweet  and  BOutheast  more  rock  wag  encountered,  as  the  ore  body  dipped  northwett 
beneath  a  mixture  of  norite  and  ore.  To  the  Boutheast  is  the  irregular  wall  of  coarse 
granitoid  gneies,  which  benda  sharply  in  a  direction  a  little  west  of  north.  Daring 
the  paat  year  a  second  level  has  been  opened  60  feet  below  the  first  on  the  dip  of  the 
shaft,  nhioh  is  60°,  and  toward  the  end  cf  the  summer  a  beginning  was  made  at  opening 
up  the  whole  pit  to  that  depth. 

The  open  pit  shows  three  main  types  of  rock,  the  oldest,  granitoid  gneiss,  with 
a  very  uneven  earface  forming  a  rectangular  enclosure  for  the  ore  body,  next  in  agt 
Dorite  mixed  in  all  gradations  with  pyrrhotite  and  cbalGOpyrite,  and  finally  diaba« 
dikes,  often  very  porphyritio,  penetrating  in  various  directions  gneiss,  ore  and  norite 
impartially.  All  of  the  rocks  mentioned  have  undergone  more  or  less  faulting  and 
crushing,  and  fragments  of  the  two  older  rocks  are  often  enclosed  in  ore  as  a  aort  of 
breccia,  but  not  of  the  diabase,  though  the  latter  also  has  been  fractured  in  placet 
and  faulted  in  a  small  way  producing  elickensided  surfaces.  The  dikes  have  a  fine- 
grained or  compact  selvage  against  norite  and  gneiss,  and  an  afanoet^  glasay  lelTag*  ^ 
against  ore,  showing  that  the  ore  was  cold  when  the  dikes  were  formed,  and  beia^^ 
a  good  conductor  chilled  the  surface  sooner  than  the  rocks.  The  ore  mixes  in  mc^ 
a  witj  with  the  norite  that  the  oonclurion  cannot  be  K,-To\ded  that  the  two  matei 
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existed  in  a  state  of  fusion  together.  From  norite  with  disseminated  specks  of  ore 
all  transitions  are  met  to  ore  containing  tiny  scattered  crystals  of  feldspar,  or  less 
often  the  dark  minerals;  and  thin  sections  proTe  that  the  rock-forming  minerals  are 
exceedingly  fresh,  even  the  hypersthene,  which  readily  suffers  change  and  is  completely 
altered  to  secondary  hornblende  in  the  norite  north  of  the  mine.  The  mixture  cannot 
then  be  the  result  of  replacement  of  rock  minerals  by  ore  through  the  action  of  water. 
On  the  other  hand  the  ore  is  never  intimately  mixed  with  the  granitoid  gneiss, 
though  it  may  penetrate  it  a  little  way  as  irregular  seams,  nor  is  it  found  in  the 
diabase  dikes,  except  as  thin  films  between  slickensided  surfaces.  That  the  ore  was 
th«re  in  the  beginning,  arriving  as  an  ingredient  of  the  norite  is  very  clear,  but 
tinoe  then  certain  changes  have  taken  place  on  a  small  scale  by  circulating  waters. 
Part  of  the  faulting  shown  by  the  older  rocks  may  be  later  in  date  than  the  cooling 
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and  consolidation  of  the  ore,  the  latter,  as  the  softer  material,  adjusting  itself  be- 
tween the  blocks.  This  may  account  for  the  curious  "horse"  of  granitoid  gneiss  at 
the  northeast  side  of  the  pit,  which  seems  to  have  slipped  down  into  the  ore,  though 
\t  might  be  equally  well  explained  as  slipping  down  into  the  pasty  mixture  of  half 
cooled  norite  and  ore  before  the  final  consolidation. 

From  the  faulting  and  irregularity  of  the  contact  of  the  ore  with  the  granitoid 
^eis8,  it  IB  rather  hard  to  determine  thb  original  dip  of  the  Archean  surface  over  which 
t*e  nickel-bearing  norite  spread,  but  drill  holes  to  the  northwest  and  west  show  that 

e  *  ^A^  ^^  ^^  *^®  ™*^°  **^^"*  ^^  ^  ^^®  northwest.     How  far  the  great  sheet  of  ore 
^auends  beneath  the  norite  in  that  direction  in  unknown,  though  the  results  of  dtUlvissL 
^o  the  existence  of  millions  of  tons.     Up  to  the  proaeu-t  Wi^  xoxxka  >a»i^  -^xcAxia*^ 
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about  half  a  miilion  tons  of  ore,  and  for  aome  montlu  of  the  past  year  averaged 
18,000  tons;  so  that  it  is  clearly  one  of  the  world's  great  minee.  As  the  ore  averages  > 
per  cent,  of  nickel  and  2  of  copper,  the  great  value  of  the  mine  is  apparent. 

North  Star  Mine 

The  boundary  between  the  norite  and  the  Archean  runs  for  half  a  uiile  a  little 
weat  of  north  from  the  Creighton  mine,  then  turns  north  and  finally  northweEt  I» 
the  North  Star  mine  in  lot  9,  con.  Ill  of  Snider  township.  Much  of  the  country  i' 
low  and  swampy  and  the  comparatively  few  outcrops  of  rock  rise  but  little  above  th>'' 
general  level.  The  rock  to  the  east  and  southeast  of  the  norite  is  commonly  coarse 
(granite  or  syenite,  flesh  red  to  gray  in  color,  and  often  porph^ritic  and  gneisGoidi  bu; 
patches  of  greenstone  occur  also.  Comparatively  little  gossan  is  seen  at  the  noritn 
cslge,  though,  there  are  frequently  rusty  blotches.  Near  the  North  Star  mine  there 
ia  rather  more  of  the  greenstone  than  usual,  including  a  small  area  of  "older  n<»ite'' 
Irke   that  found  near   Gertrude  and   Creighton. 


KorLh  Star,  open  pit. 

The  mine  has  hitherto  been  worked  as  a  narrow  open  pit,  but  in  the  sununer  cf 
1904  a  ahaft  was  sunk  to  a  depth,  of  170  feet,  and  lower  levels  are  being  opened.  Tb« 
dip  of  the  ore  bod;  as  seen  in  the  open  pit  and  shaft  is  unusually  high  7Ao  or  80° 
toward  the  northwest,  and  the  foot  wall  is  clean  cut  and  stickensided,  prob»bly  a  fault 
piUM.  0»pt.  Corliss  reports  that  on  the  hanging  wall  tiie  ore  fades  out  irresnlarb 
'  '    *ha  BOrit«  until  finally  tfeere  Vb  oa\3  noTite  lected  with  ore.    Some  curious  well- 
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rounded  boulders,  as  well  as  angular  blocks  of  granite  and  greenstone,  are  enclosed  in 
the  ore,  and  a  little  quartz  occurs  as  small  seams  in  the  ore  near  the  foot  wall.  At 
one  point  a  horse  of  granite  runs  diagonally  across  the  ore. 

The  attitude  of  the  Archean  surface  where  uuauected  by  faulting  is  not  evident 
at  the  North  Star  mine,  and  in  this  respeci:  it  presencs  aii  ejEtreme  example  of  what 
has  already  been  noted  at  the  Gertrude  and  Creighton  mines,  where  faulting,  crushing 
and  slickensiding  are  marked  features.  The  ore  from  the  North  Star,  when  free  froin 
rock  matter,  is  richer  than  the  average  oi  the  southern  nicKel  range;  so  that  the 
great  Creighton  mine  with  its  unusually  ricn  ore  is  flanked  lo  east  and  west  by  smaller 
deposits,  the  North  Star  and  Gertrude,  having  ore  of  a  similar  grade,  the  smaller 
deposits  occupying  only  slight  embayments  or  the  norite  edge,  while  the  great  ore 
body  was  accumulated  at  a  deep  depre^ssion  ox  the  noriie  into  tne  Archean  substratum. 

From  the  North  Star  the  line  of  contact  of  the  norite  continues  for  a  mile  nor£h- 
eastwards  and  then  bends  more  to  the  east,  but  no  ore  deposits  of  importance  occur 
until  the  Tam  O'Shanter  is  reached  at  the  nor^liuesc  torufcr  or  lot  6,  con.  Ill  of 
Snider  township. 

The  norite  edge  to  the  northeast  follows  close  along  the  railway  track,  and  is  oi 
the  usual  kind,  though  somewhat  sheared  and  schistose  in  places.  Except  for  rusty 
spotfi  there  is  little  evider-ce  of  ore.  The  country  in  this  direction  becomes  more 
hilly  than  near  the  North  Star,  the  granitoid  gneiss  rising  rather  sharply  in  many 
places  from  the  flat  country  occupied  by  the  norite. 

Acid  Edge  in  Creigliton 

The  acid  edge  of  the  nickel-bearing  eruptive  to  the  northwest  of  the  mines  just 
described  ifi  beet  reached  by  Vermilion  river  and  a  chain  of  small  lakes  including  lake 
Emma,  Moore  lake  and  Whitewater  lake,  with  Levy  creek  which  connects  them.  The 
canoe  route  is  seldom  more  than  a  quarter  of  a  mile  from  the  contact  and  each  of  the 
lakes  lies  upon  the  contact,  giving  opportunities  to  observe  it. 

The  wide  and  vaguely  bounded  conglomerate  south  of  Gordon  lake  has  already 
been  referred  to  as  running  south  from  that  lake  and  then  turning  northeast  toward 
the  mouth  of  Levy  creek,  much  of  the  region  toward  Vermilion  river  being  covered 
with  drift  or  muskegs  so  that  outcrops  of  the  actual  contact  are  infrequent.  Tli3 
conglomerate  on  hills  west  of  the  drift-covered  shore  of  the  river  is  schistose  with  a 
strike  of  45^  and  a  dip  of  schistosity  of  50^  to  the  southeast;  but  the  strike  and  dip 
i>f  the  sedimentation  is  probably  entirely  different,  like  that  observed  south  of  Gordon 
lake. 

On  both  shores  of  Vermilion  river  near  the  mouth  of  Levy  creek  there  is  a  some- 
what narrow  bank  of  clay  rising  about  ten  feet,  followed  inland  by  swampy  land;  and 
the  contact  of  the  acid  edge  with  the  conglomerate  is  first  seen  a  quarter  of  a  mii<) 
south  of  Levy  creek,  and  about  an  eighth  of  a  mile  inland  toward  the  west.  A  mile 
inland  the  edge  is  schistose,  having  a  strike  of  70^,  and  the  schistose  conglomerate 
has  the  same  width  with  a  dip  of  50°  to  the  southeast. 

The  characteristic  tuffs  are  not  found  for  more  than  a  mile  to  the  northwest  at 
some  distance  inland  from  the  river,  where  a  steep  hill  of  slaty  tuff  rises  from  drift 
and  swampy  ground.  The  tuff  at  this  point  contains  numerous  small  pebbles  of  water- 
worn  materials,  and  the  cleavage  strikes  60^  and  dips  45°  to  the  southeast. 

On  the  east  side  of  the  Vermilion  the  rock  cropping  out  just  to  the  south  of  Levy 
creek  is  schist  conglomerate,  and  this  extends  southeast  for  a  quarter  of  a  mile  where 
at  a  small  lake  schistose  rock  without  pebbles  forms  the  acid  edgei  At  the  rapid  not 
far  above  the  mouth  of  Levy  creek  the  rocks  exposed  are  hardened  tuff,  with  a  dike 
of  fine-grained  granite  or  felsite,  but  the  stretch  between  this  and  th<a  fida\%»\,  twv^^'CkxsN.- 
crate  is  covered. 
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Lev7  creek  between  the  Vennilioa  river  uid  Emma  leke  flows  between  low  c 
banks  with  a  few  exposoree  of  tuft  riaing  little  mbove  the  water's  edge,  and  e 
inlAud  ahow  the  acid  edge  at  about  e  quarter  of  a  mile  to  the  aonth.  On  Ehni&a  Uk4 
the  bonndary  croMea  the  sonthem  bay  where  it  joina  the  main  water  and  rans  east- 
ward from  the  point  of  entry  of  the  creek.  The  boundary  is  indistinct,  aa  in  mo>t 
ether  parts  of  this  region,  since  the  conglomerate  haa  been  greatly  metamorphoMd; 
tjii  Uie  acid  edge  of  the  eruptive  i*  squeesed  into  gray  green  schist  much  like  soma 
parts  of  the  schistose  matrix  of  the  oonglomerate.  From  Emma  lake  to  Uoore  lake 
the  contact  lies  in  awampy  ground  a  little  aonth  of  the  creek,  and  then  crveaes  the 
aoutheaat  oomar  of  the  latter  lake  toward  the  western  bay  of  Whitcrwater  lake,  the 
rocks  and  their  relationships  being  similar  to  those  already  deacribed. 

Whitewater  lake,  which  is  two  miles  long  and  in  places  a  mile  broad,  hides  tha 
boundary  between  the  eruptive  and  the  sedimentary  rocks  for  the  whole  diat 


Roast  heape,  Copper  ClifL 

a  broad  low  plain  of  clay  en  its  northeast  aide  prevents  its  demarcation  with  certainty 
in  that  direction  for  a  mile  to  the  north.  The  north  shore  and  the  ialands  which  fringe 
it  consist  either  of  the  basal  conglomerate  in  a  very  schistose  form,  or  in  the  deeptr 
bays  of  tuff;  while  the  south  and  east  shores  are  of  the  acid  phase  of  tbe  nickel-beariaf 
eruptive.  Toward  the  weet  end  of  Whitewater  lake  both  shores  rise  as  ateep  hills  to 
the  height  of  100  feet  or  more,  unlike  the  low  country  along  Levy  creek,  and  beyond 
Ihe  hills  of  tu&  to  the  north  there  is  farming  oonntry. 

On  the  north  shore  of  the  lake  toward  the  west  end  a  band  of  gray  qnarta  porphyrr 
rata  the  tuff  and  might  easily  be  mistaken  for  the  acid  pbaae  of  the  nickel-eruptive 
but  for  its  cutting  rocks  some  distance  north  of  the  basal  conglomerate.  It  ma7  ba 
a  dike  from  the  acid  edge,  though  the  lake  prevents  one  from  following  it  in  thu 
direction  ao  as  to  make  certain,  and  no  other  dike-like  projections  ar«  known  to  ei- 
ttnd  ao  far  /mn  the  edge  as  this. 


Tbe  Sudbury  Nickel  Region 


The  Trout  lake  conglomerate  on  the  islands  and  peninsulas  of  tbe  north  aide  of 
Whitewater  lake  is  osnally  schistOBe,  and  all  the  softer  bonlderH  and  pebbles  an 
lireatly  Battened,  resembling  the  Michipicot«n  oonglomeratea  of  the  Bnronian.  The 
strike  of  tbe  schietoBity  varies  from  45°  or  60"  to  70°.  and  the  clearage  dips  abont  46" 
to  the  Bontheast.  The  boulders  enclosed  in  the  conglomerate  are  of  considwable 
variety,  including  granite,  quartzite,  a  brownish  sand;  looking  rock,  green  schist  an! 
actiaolit«,  the  granite  being  the  commoneet  rock  and  forming  lat^  boulders  not  much 
deformed.  Tbe  matrix,  which  is  sometimes  almost  free  from  pnbbles,  is  gray  or  green 
schist  melting  into  a  rock  like  gneiES. 


■\Vest  Smelter,  Copper  Oiff. 

Bays  on  the  north  shore  give  all  transitionB  from  tbe  echist  congltHuerate  to  a 
much  less  altered  rock  which  probably  should  be  classed  with  the  Onaping  tuff,  though 
often  half  the  materials  of  which  it  is  composed  are  ordinary  sedimente,  includinj[ 
pebbles  of  the  same  rocks  as  in  the  coarse  conglomerate.  About  a  quarter  of  a  mile 
north  of  the  shore  a  ridee  of  chBracteristic  tufi  composed  mainly  of  angular  volcanic 
materials  repreeente  the  completion  of  the  transition. 

Toward  the  northeast  end  of  the  lake  there  are  hills  of  gray  gneissoid  rock,  evi- 
dently belonging  to  the  acid  edge,  aad  similar  rocks  are  found  a  mite  to  the  north  on 
the  railway  west  of  Asilda  station,  though  the  intervening  ground  is  clay;  so  that  the 
contact  changes  its  direction  from  N.  65°  to  nearly  due  north  somewhere  beneath  the 
lake.  Tbe  hill  rising  frnn  the  flat  plain  of  clay  west  of  the  station  consists  of  a  very 
schistose  rock  which  has  hitherto  been  mapped  as  Hurouian,  but  onr  detailed  stuuy 
makes  it  practically  certain  that  it  belongs  to  tbe  nickel  eruptive,  since  it  has  thti 
micropegmatitic  structure,  and  to  tbe  north  is  in  continuity  with  lees  changed  portions 
ol  the  acid  edge. 

On  the  weet  side  of  the  hill  schist  conglomerate  occnrs  having  a  schistose  strika 
pf  N.  16"  and  an  apparent  dip  of  16°  to  the  eisst;  but  at  points  ta  i\\«  TitkT^iIa.  v^^ 
northeast  on  neighboring  bills  tbe  strike  variee  to  N.  W°  ot  9fiP  v&&  ^e^^A  ^  \«!&& 
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LeT7  creek  between  the  Varmilion  river  «nd  Enunft  lake  Sows  between  low  dftj 
iMtnkB  with  a  few  exposuree  of  tnfi  risiag  little  above  the  water's  edge,  and  exonnioos 
inland  show  the  acid  edge  at  about  a  quarter  of  a  mile  to  the  south.  On  Emma  lake 
the  bonndar;  craBsea  the  Bouthem  bay  where  it  joins  the  main  water  and  runs  east* 
ward  from  the  point  of  entry  of  the  creek.  The  boandary  is  indiHtinot,  as  in  moit 
ether  parts  of  this  region,  since  the  oonglomerat«  haa  been  greatly  metamorphoMd; 
rJid  the  acid  edge  of  the  eruptive  is  equeesed  into  gray  green  schist  mach  like  some 
parte  of  the  schistoee  matrix  of  the  conglomerate.  From  Emma  lake  to  Hoere  lake 
the  contact  lies  in  swampy  ground  a  little  south  of  the  creek,  and  then  croseea  th« 
southeast  comer  of  the  latter  lake  toward  the  weatem  bay  of  Whitewater  lake,  the 
roclra  and  their  relationships  being  similar  to  those  already  described. 

Whitewater  lake,  which  is  two  milee  long  and  in  places  a  mile  broad,  hides  ths 
boundary  between  the  eruptive  and  the  sedimentary  rocka  for  the  whole  distance,  anJ 
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a  broad  low  plain  of  clay  en  its  northeast  side  prevents  its  demarcation  with  certainty 
in  that  direction  for  a  mile  to  the  north.  The  north  shore  aud  the  blanda  which  frings 
it  conaiat  either  of  the  basal  conglomerate  in  a  very  schistose  form,  or  in  the  deeper 
bays  of  tufi ;  while  the  south  and  eaat  shores  are  of  the  acid  phase  of  the  nickel-bearing 
eruptive.  Toward  the  west  end  of  Whitewater  lake  both  ehores  rise  as  steep  hills  tn 
the  height  of  100  feat  or  more,  unlike  the  low  country  along  Levy  creek,  and  beyond 
Ihe  hilk  of  tuff  to  the  north  there  is  farming  country. 

On  the  north  shore  of  the  lake  toward  the  west  end  a  band  of  gray  qnarte  porphrrr 
cute  the  tuff  and  might  easily  be  mistaken  for  the  acid  phase  of  the  ntckd-emptive 
but  for  its  cutting  rocks  some  distance  north  of  the  basal  conglomerate.  It  may  be 
a  dike  from  the  acid  edge,  though  the  lake  prevents  one  from  following  it  in  tb«t 
aireotion  so  as  to  make  certain,  and  no  other  dike-like  projections  are  known  to  at- 
tend so  far  from  the  edge  as  thia. 


The  Sudbury  Nickel  Reslon 


Th«  Trout  lake  oonElomerKte  on  the  iBlands  and  peninaulaa  of  the  north  aide  of 
Whitewater  lake  is  oanally  KhiBtose,  and  all  the  softer  bouldern  and  pebblee  mn 
greatlf  flattened,  resembling  the  Michipicoten  conglomerates  of  the  Huronian.  The 
strike  of  the  sohistoaitj  Taries  from  45°  or  60°  to  TO"  and  the  cleavage  dipe  abont  46" 
tc  the  Bonthe*5t.  The  honldwa  enclosed  in  the  oonBlomerate  are  of  canaidvahle 
varietj,  inclnding  granite,  quartiite,  a  brovnish  sandy  looking  rook,  green  schist  an'l 
•ctinolite,  tiie  granite  being  the  oommoneat  rook  and  forming  large  boulders  not  muob 
deformed.  The  matrix,  which  is  sometimes  almost  free  from  pebbles,  is  gray  or  green 
Khist  merging  into  a  rock  like  gneiss. 


■West  Smslter,  Copper  Cliff. 

Bays  on  the  north  shore  give  all  transitions  from  the  echiet  conglomerate  to  a 
much  less  altered  rock  which  probably  should  be  classed  with  the  Onaping  tuff,  though 
often  half  the  materiala  of  which  it  is  compoEed  are  ordinary  eedimenta,  iBclnding 
pebbles  of  the  same  rocks  as  in  the  coarse  conglomerate.  About  a  quarter  of  a  mile 
north  of  the  shore  a  ridge  of  characteristic  tuff  composed  mainly  of  angular  Tolcanio 
materials  repreeente  the  completion  of  the  transition. 

Toward  the  northeast  end  of  the  lake  there  are  hills  of  gray  gneissoid  rock,  eri- 
aently  belonging  to  the  acid  edge,  and  similar  rocks  are  foun3  a  mile  to  the  north,  on 
the  railway  west  of  Azilda  station,  though  the  intervening  ground  is  clay;  so  that  the 
contact  changes  ite  direction  from  N.  65°  to  nearly  due  north  somewhere  beneath  the 
lake.  The  hill  rising  from  the  flat  plain  of  clay  west  of  the  station  consists  of  a  very 
schistose  rock  which  has  hitherto  been  mapped  as  Huronian,  but  our  detailed  etntiy 
makea  it  practically  certain  that  it  belongs  to  the  nickel  emptire,  since  it  has  tha 
micropegmatitic  structure,  and  to  the  north  is  in  continuity  with  less  changed  portions 
ol  the  acid  edge. 

On  the  west  side  of  the  hill  schist  conglomerate  occurs  haring  a  schistose  atrika 
of  N.  IS^  and  an  apparent  dip  of  15°  to  the  enst;  but  at  points  to  the  \uitUi  v-d& 
northeast  on  neighboring  hills  the  strike  varies  to  N.  26"  oi  WP  »ti4  \K«VQa  ^.^i  ^ik<A 
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eastward  once  more.  Along  the  road  running  north  from  the  east  end  of  Asilda  & 
schisEose  variety  of  the  acid  eruptive  continues  for  about  a  mile,  after  which  the  ta*t 
crops  out  beyond  a  drift-covered  surface. 

Copper  Cliff  Offset 

After  running  for  a  mile  northeafit  from  the  Tam  O'Shanter,  the  basic  edge  of 
the  nickel  eruptive  turns  nearly  north  for  a  qiiarter  of  a  mile  and  then  northeast 
toward  the  northern  end  of  the  line  between  lots  3  and  4,  con.  IV  of  Snider  township 
it  then  turns  sharply  southeast  toward  the  Lady  Violet  and  other  mines  leading  to- 
wards the  Copper  Cliff  offset.  The  northward  bend  of  the  contact  points  toward  the 
southeast  bay  of  Whitewater  lake  where  the  acid  edge  has  just  been  shown  to  change 
its  direction,  so  that  at  this  point  the  nickel  range  is  only  about  2^  miles  wide,  the 
least  width  found  along  the  southern  range,  except  near  Whitson  lake  some  miles  to 
the  east;  but  inmiediately  beyond  this  narrowing  the  range  widens  once  more  to  almost 
its  maximum. 

Along  this  northward  bend  there  are  few  traces  of  ore  or  even  of  rusty  norite. 
The  rock  is  coarse-textured  but  grows  finer  grained  toward  the  edge,  where  it  is  i 
good  deal  mixed  with  the  country  rock,  coarse  porphyritic  granite,  often  gneissoid  i'l 
structure.  That  the  norite  is  the  later  rock  is  shown  by  its  having  carried  off  frag- 
ments of  granite.  The  granitoid  gneiss  forms  a  group  of  steep  hills  in  the  re-entrant 
angle  of  the  basic  edge,  but  at  the  very  edge  the  norite  occasionally  forms  the  top  of 
a  hill  with  the  gneiss  or  granite  dipping  under  it.  The  relations  are  well  shown  on 
a  small  lake  just  south  of  the  Manitoulin  and  North  Shore  railway  between  lots  2 
p.nd  3,  con.  IV,  of  Snider.  From  this  pond  the  basic  edge  runs  southeast  to  Clan 
Bell  lake,  forming  the  margin  of  the  upper  end  of  the  Copper  Cliff  offset. 

The  basic  edge  to  the  east  of  the  offset  runs  from  Elsie  mine,  which  will  be  men- 
tioned later,  southwest  near  the  edge  of  Pump  lake  to  Lady  Violet  mine,  about  half 
a  mile  north  of  Clara  Bell  lake  on  the  line  between  lots  1  and  2.  At  the  Lady  Violet 
mine  the  boundary  swerves  nearly  west  for  about  one-fifth  of  a  mile,  and  then  turus 
south  and  finally  southeast,  parallel  to  the  basic  edge  referred  to  above.  The  offs.  t 
in  its  upper  portion,  northwest  of  Clara  Bell  lake,  is  from  500  to  600  feet  broad;  and 
represents  the  outlet  of  a  bay  of, norite  almost  as  wide  and  deep  as  that  of  Creighton 
nine,  though  more  regularly  shaped. 

The  norite  of  central  parts  of  the  offset  is  like  the  main  body  of  the  rock,  but 
along  the  edge  toward  Clara  Bell  lake  where  it  comes  into  vertical  contact  with  rath  r 
coarse  granite,  it  becomes  finer  grained  and  occasionally  picks  up  fragments  of  th«? 
adjoining  rock,  and  may  also  ccntain  pebble-like  fragments  or  plates  of  a  very  fine- 
grained older  norite.  The  southwestern  margin  of  the  offset  shows  few  traces  of  ore 
but  the  northeastern  side  is  commonly  rusty  and  at  the  Lady  Violet  and  Clara  Bell  mines 
enclosed  small  bodies  of  ore  which  were  worked  for  a  time  in  the  early  days  of  the 
Canadian  Copper  Company.  The  Lady  Violet  shows  rather  coarse  norite  with  a'l 
irregular  rusty  edge  against  greenstone;  and  conditions  are  similar  at  the  Clara  Bell, 
where  a  gossan-covered  hill  consisting  mainly  of  greenstone  marks  the  boundary.  0'\ 
the  dump  at  the  latter  mine,  which  is  now  dismantled,  one  finds  beside  norite,  chlorit*: 
{•nd  hornblende  schists  and  a  number  of  minerals  in  addition  to  the  usual  pyrrhot'ie 
and  chalcopyrite,  such  as  quartz,  calcite,  dolomite,  and  actinolite  m  blades  severnl 
inches  long,  indicating  secondary  water  action.  During  mining  operations  a  pocket  of 
about  five  tons  of  magnetite  was  found  completely  enclosed  in  the  sulphides. 

After  reaching  Clara  Bell  lake  the  offset  expands  to  a  width  of  nearly  half  a  mile 

with  a  projection  to  the  northeast  and  another  to  the  east.     The  rocks  to  the  west  and 

south   are    porphyritic    granitoid    gneiss,  formerly  considered    to    be    Laurenti.in,  while 

on  the  northeast  various  greenstones,  diorite,  hornblende  porphyrite,  hornblende  schist 

etc.,  rise  as  hills,  the  norite  occupying  \iv  t\ie  tci«atv  lower  ground  between  the  greenstone 
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<tnd  the  gneiss.  The  norite  is  somewhat  patchy,  containing  finer-grained  parts,  ofte?i 
angular,  and  sometimes  also  fragments  of  greentsone  or  green  schist.  Clara  Bell  lake 
has  been  dammed  at  its  outlet  and  now  covers  much  of  the  low  ground,  hiding  the 
itorite  contact  at  some  points. 

On  the  eastern  edge  of  the  northern  tongue  an  ore  deposit  of  considerable  magni- 
tude was  opened  up  years  ago  at  No.  4  mine  and  the  great  open  pits  partly  filled  with 
water  suggest  a  large  but  very  irreguiar  segregation  of  the  sulphides. 

At  the  eastern  corner  the  projection  of  norite  touches  Lady  Macdonald  lake,  aai 
close  to  the  shore  is  Lady  Macdonald,  or  No.  5,  mine,  the  first  of  the  series  of  mines 
i  be  worked,  now  closed  down  like  the  others.  An  open  pit  near  the  lake  is  at  th.^ 
margin  of  the  norite  against  mixed  greenstones  and  not  far  from  the  granitoid  gneiss, 
which  is  greatly  mixed  with  it  as  a  crush  breccia.  On  the  dump  there  are  pegmatiti), 
hornhhnde  schist,  hornblende  porphyrite  and  a  little  re-crystallized  arkose,  as  well  as 
norite.  A  few  scales  of  graphite  were  found  in  one  mass  of  gneissoid  rock.  It  i^ 
probable  that  a  dike  of  pegmatite  cuts  the  norite  and  ore  at  this  mine,  but  the  ex- 
posure is  too  poor  to  make  this  quite  certain. 

No.  2  Mine 

Lady  Macdonald  lake,  like  Clara  Bell,  has  been  dammed  to  afiPord  a  water  supply, 
and  cuts  ofiF  the  broad  expansion  of  norite  containing  the  mines  just  mentioned  from 
a  narrow  extension  southeast  to  No.  2  mine.  An  island  in  the  northern  part  of  the 
lake  consists  mainly  of  granite  but  at  its  eastern  end  shows  a  gossan-covered  patch 
oi  norite,  and  at  the  end  of  a  bay  on  the  east  shore  of  the  lake  a  band  of  norite  fro'U 
100  to  180  feet  wide  runs  for  about  one-third  of  a  mile  and  is  then  lost  to  sighc 
beneath  a  clay  deposit.  About  350  feet  farther  to  the  southeast  there  rises  the  small 
strip  of  norite  in  which  the  mine  is  sunk. 

The  norite  band  just  outlined  is  of  finer  grain  than  the  main  range  and  is  spotted 
with  little  rusty  cavities  from  which  ore  has  been  weathered  where  it  not  quite  covered 
with  gossan.  It  begins  between  granitoid  gneiss,  to  the  southwest,  and  a  greenstone 
hill  including  long  strips  and  masses  of  well  stratified  graywacke  to  the  northeast,  but 
presently  passes  entirely  into  the  gneiss.  The  southeast  end  near  the  mine  is  once 
more  between  greenstone  and  granite;  and  it  appears  that  the  contact  between  the  two 
rocks  was  a  line  of  weakness,  probably  also  of  faulting,  permitting  the  molten  norite 
and  ore  to  flow  in  this  direction.  The  granitoid  gneiss  is  younger  than  the  greenstone, 
enclosing  bits  of  it,  and  both  rocks  are  cut  by  minor  fault  lines  and  often  squeezed 
into  breccias.  In  the  gneiss  the  breccia  blocks  are  variously  oriented  and  cemented 
by  similar  materials  crushed  fine. 

The  dike-like  band  of  norite  grows  finer  grained  at  the  edges,  and  is  evidently 
later  than  the  two  rocks  mentioned,  but  a  dike  8  or  10  feet  wide  of  non-porphyritic, 
rpther  fine-grained,  granite,  quite  different  from  the  gneiss,  runs  through  it  for  some 
distance. 

All  along  this  norite  ofiPset  there  is  more  or  less  ore  which  has  been  opened  up  by 
small  pits  or  shafts;  but  the  only  important  ore  body  disclosed  is  No.  2,  at  the  soutli- 
oast  end  of  the  band  near  the  point  where  it  is  apparently  cut  off  by  the  older  rocks, 
the  relations  being  somewhat  obscured  by  drift.  The  ore  was  present  here  in  such 
volume  that  almost  the  whole  width  of  the  band  consisted  of  sulphides,  with  an  irreg- 
ular margin  of  fine-grained  norito  against  the  granite  walls,  and  with  a  large  flange 
of  norite  projecting  into  the  ore  from  the  western  wall. 

ThJe  great  open  pit  is  about  230  feet  long  from  northwest  to  southeast  and  half 
as  wide,  and  it  has  a  depth  of  278  feet,  while  lower  levels  and  diamond  drill  cores 
prove  that  it  continues  to  a  depth  of  at  least  402  feet.  The  irregular  column  of  or«^ 
stands  not  far  from  vertical,  but  inclines  slightly  to  the  west,  and  at  the  third  levol 
or  pit  flocr  it  has  diameters  cf  220  feet  from  north  to  south  and  100  feet  from  ea?.!  t<^ 
west. 
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region  and  containing  still  richer  ore.     This  was  one  of  the  earliest  mines  worked, 
haying  been  located  for  its  copper  ore  before  its  yalne  as  a  nickel  mine  was  known. 

The  rusty  norite  hill  is  surrounded  on  three  sides  by  litratified  clay,  but  toward 
the  east  lies  against  graywacke  and  flesh-colored  arkose,  the  latter  largely  re-crystal- 
lised and  formerly  regarded  as  felsite  or  syenite.  The  arkoee  is  cut  by  two  granite 
dikes,  one  at  the  edge  of  the  norite,  and  the  latter  rock  is  cut  by  two  small  dikes  of 
diabase.    The  rusty  hill  is  nearly  600  feet  long  and  200  wide. 

The  large  rock  dump  at  the  mine  contains  a  yariety  of  materiab,  the  most  common 
being  rather  fine-grained  norite  with  a  little  quarts,  commonly  called  diorite,  but  there 
seem  to  be  all  gradations  from  this  to  a  pale  gray  diorite  merging  into  red  granite. 
The  norite  has  coarse  varieties  with  some  biotite  and  also  hornblende  crystab,  and 
sometimes  pegmatitic  parts  with  large  gray  feldspar  crystals,  generally  striated,  almost 
to  the  exclusion  of  other  minerab  .  There  are  also  febitic  looking  rocks,  gray  to  red, 
arkoees  as  shown  by  thin  sections.  Finally  there  are  numerouA  blocks  of  diabase, 
evidently  from  dikes,  occasionally  the  whole  width  being  shown  in  the  blocks,  the 
margin  being  finer-grained  than  the  centre.  The  diabase  is  not  porphyritic  as  at  the 
Creighton  mine.  The  norite  mentioned  may  be  found  more  or  less  charged  with  sul- 
phides, and  there  are  brecciated  masses  of  rock  cemented  with  sulphides.  Among 
minerals,  in  addition  to  those  belonging  to  the  ore  and  rocks,  there  are  calcite,  quartc, 
and  small  amounts  of  galena. 

A  dike  of  diabase  is  said  to  have  been  followed  down  from  the  third  level  to  the 
thirteenth,  part  of  the  dike  matter  containing  ore,  and  having  a  margin  of  calcice 
on  one  side  and  of  quartz  with  some  ore  on  the  other.  The  largest  dike  encountered 
ia  said  to  be  very  fine-grained  and  black,  and  to  be  twenty-five  feet  wide.  Ck>reB  from 
diamond  drill  holes  below  the  thirteenth  level  show,  in  addition  to  ore  and  the  usual 
locks,  diabase  dikes  and  a  dike  of  medium-grained  biotite  granite. 

As  shown  by  the  sections  given,  prepared  from  the  plans  of  the  leveb  in  the  mine 
with  aid  from  Captain  Lawson,  who  has  charge  of  the  underground  workings,  the 
ore  body  is  roughly  cylindrical,  narrowing  and  widening  several  times  and  broken  by 
a  large  horse  of  barren  rock,  beginning  between  the  ninth  and  tenth  leveb.  Many 
thanks  are  due  to  the  mine  authorities,  and  especially  to  Captain  Lawson,  for  thU 
instructive  section  of  the  deepest  mine  in  Ontario,  a  mine  that  has  reached  a  depth 
of  937  feet. 

One  curious  feature  of  the  later  development  of  the  mine  b  the  finding  of  an 
odorless  gas  which  may  be  lit  with  a  candle  in  drill  holes  through  ore  at  the  thirteenth 
level. 

The  chimney-like  ore  body  has  a  width  of  from  60  to  90  feet  in  the  section  through 
the  shaft,  which  is  inclined  about  77^^  toward  the  northeast,  and  from  75  to  more  than 
200  feet  in  the  section  at  right  angles  to  it. 

In  the  Copper  Cliff,  as  in  No.  2,  the  amount  of  ore  seems  greatly  disproportionate 
to  the  size  of  the  band  of  norite  with  which  it  is  connected,  and  a  certain  quantity 
of  the  ore,  being  associated  with  quartz  and  calcite,  must  be  of  later  deposition  than 
the  ore  enclosed  in  the  norite.  The  fact  that  two  slips  are  rather  marked  features 
at  the  mine  may  indicate  fractures  and  fissures  in  which  water  currents  could  circulate, 
and  deposit  there  materiab  dissolved  out  of  previous  ore  massed  belonging  to  the 
criginal  consolidation  after  the  norite  reached  its  present  position. 

It  is  stated  that  when  the  ore  body  in  the  Copper  Cliff  b  narrow  it  b  richer  in 
copper,  and  when  it  widens  it  becomes  richer  in  nickel. 

About  700  yards  southwest  of  the  Copper  Cliff  a  amall  band  of  gossan-covered 
norite  rises  cut  of  a  swamp  and  runs  southward  towards  the  old  Orford  refinery.  The 
norite  associated  with  the  ore  has  the  customary  pitted  surface  where  spota  oi  vtrVlt^ 
tite  have  weathered  out,  and  runs  with  interruptions  beween.  'wcAV-e^T^tV^^  \Sc%.y7i«i^^ 
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and  a  steep  hill  of  pink  felsitic  looking  arkose.  Several  pits  have  been  opened  upa)i 
the  band,  including  No.  1,  near  the  water  tank  of  the  refinery,  from  which  some  thou- 
sands of  tons  of  rich  ore  were  taken,  but  all  are  now  filled  with  water  so  th.it  not 
much  more  than  the  surface,  can  be  seen.  The  amount  of  norite  as  compared  with  ore 
seems  to  be  reduced  to  a  minimum,  or  even  to  vanish  altogether  in  a  confused  inter- 
mingling of  blocks  of  graywack^  with  thin  seams  of  the  eruptive. 

At  the  most  southerly  large  open  pit  hornblende  porphyrite  shows  itself  in  con- 
siderable amounts,  and  the  true  norite  or  gabbro  can  scarcely  be  discovered  at  all 
It  is  as  though  almost  only  ore,  out  of  the  original  mixture  of  ore  and  ncrite,  had  bee.i 
fcffced  into  this  narrow  fissure.  At  the  widest  the  band  scarcely  goes  beyond  oO  feet,  and 
in  the  long  extension  toward  the  former  Orfcrd  club  house  it  narrows  down  to  ei'^xit  r.r 
ten  feet.  Several  dikes  of  diabase  cut  the  hill  of  arkose  and  approach  the  open  pits, 
one  or  two  of  them  actually  crossing  the  norite  band,  but  it  is  doubtful  whether  they 
have  had  any  effect  on  the  ore  bodies. 

The  Evans  Mine 

After  an  interval  of  about  two-thirds  of  a  mile  of  fiwamp  and  clay  flats  with  no 
fiolid  rock  but  a  few  low  mounds  of  graywacke,  the  small  gossan  hill  of  the  Evaus 
mine  rises  gently  above  th^e  clay,  but  is  now  mainly  covered  by  the  rock  house  aai 
Fock  dumps,  except  at  the  two  open  pits  filled  with  water.  There  is  little  to  be  learned 
at  presort  from  the  surface  outcrops,  though  the  large  rock  dump  shows  a  considerahl.^ 
variety  of  types,  including  gabbro,  diabase  (probably  fiV)m  dikes),  graywacke  and 
\afrious  products  of  weathering,  such  as  actinolite  rock.  Much  slickensiding  was 
noticed  on  the  blocks  of  rock. 

The  mine  was  worked  by  open  pits  to  a  depth  of  about  160  feet,  and  below  this 
by  levels  to  the  depth,  in  all  o^  about  250  feet. 

The  question  as  to  whether  the  Evans  outcrop  should  be  connected  with  the  narrow 
band  of  ore-bearing  gabbro  two-thirds  of  a  mile  to  the  north  near  the  Orford  refinery, 
oi   with  the  ridge  of  gabbro  rising  only  400  yards  to  the  southwest  near   Kelly   lak^ 
is  one  of  considerable  interest  and  should  be  briefly  discussed.     The  connection  with 
^he  nearer  gabbro   area   seems   at   first  the   more   natural,   but  there   are   reasons  for 
deciding  in  favor  of  the  other  theory.  In  the  first  place,  all  the  important  ore  deposits 
in  the  Copper  Cliff  region  are  on  what  may   be  considered  one  curved  belt  of  noritv? 
projecting  from  the  main  range  and  everywhere  gossan-covered,  indicating  the  presence 
of  sulphides.     On  the  other  hiand,  the  band  of  gabbro  to  the  "southeast  of  the  Evans 
mine  differs  in  character  from  the  typical  nickel-bearing  norite.     It  resists  weatherins; 
and  rises  as  sharp  ridges  of  hills,  while  the  nickel-bearing  norite  generally   has  only 
low  relief;  it  is  never  gossan-Covered  at  its  junction  with  other  rocks,   and  only  very 
f(mall  deposits  of  nickel  ore  have  been  found  in  it,  and    then    only    at  a    considerable 
distance  from  the  margin.     Th*e  gabbro  belt  near  Kelly  lake  is  narrow,  averaging  onlv 
about  half  a  mile  in  width,  but  it  connects  about  six  miles  to  the  northeast  with  a 
larger  mass  several  square  miles  in  area,  just  east  of  Sudbury.     The  narrow  band  and 
the  main  body  rise  thfrough  the  sedimentary   rocks   in   what  seems  a   laccolithic  way. 
tilting  the  slaty  graywackes  up  on  their  flanks  till  they   are  nearly  vertical  or  even 
slightly  turned  the  other  way;  and  this  turned-up  edge  of  graywacke  runs  right  on 
between  the  gabbro  ridge  and  the  Evans  mine  as  if  quite  undisturbed. 

Still  another  point  has  a  bearing  on  the  question.  The  main  range  uniformly 
blends  to  the  north'west  into  micropegmatite  and  granite,  while  the  Sudbury  gabbio 
mass  with  its  prolongation  to  the  southwest  has  no  such  peculiarity.  The  Kelly  lake 
band  of  gabbro,  then,  is  of  quite  different  characters  from  the  usual  nickel-bearing 
norite,  and  having  no  ore  bodies  itself  would  be  unlikely  to  send  off  from  its  flank  such 
a  large  mass  of  ore  as  the  Evans  mine. 

If  the  Evans  ore  body  is  connected  with  the  band  to  the  north,  why  should  there 
be  a  gap  of  two-thirds  of  a  mile  between  it  and  the  next  outcrop?'    This  is  not  easy 
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to  answer^  but  one  may  suggest  that  connecting  links  are  buried  under  the  clay  flati 
between;  or  the  explanation  current  among  prospectors  may  be  accepted,  that  there 
is  a  subterranean  connection  between  the  outcrops  ''capped  over"  at  certain  points. 
ir  the  latter  is  the  case  and  the  ore-bearing  connection  is  not  at  too  great  a  depth 
there  should  be  magnetic  disturbances  between  two  outcrops,  but  this  has  not  yet  been 
demonstrated. 

The  evidence  points  toward  a  real  connection  of  these  chimneys  of  nickel  ore 
among  themselves  by  tortuous  channels  which  have  not  always  reached  the  surface,  th9 
chimneys  representing  weak  points  in  the  overlying  rock  where  the  more  fluid  part 
of  thie  mixture  of  rock  and  ore,  which  would  of  course  be  the  sulphides,  could  be  forced 
upwards,  sometimes  as  a  column  more  than  a  thousand  feet  in  height,  as  at  the  Copper 
Cliff.  It  is  possible,  however,  that  the  connecting  channel  lay  above  the  present  level 
and  that  the  heavier  ore  descended  where  opportunity  offered.  Since  then  thle  upper 
canal  may  have  been  removed,  along  with  the  thousands  of  feet  of  reck  which  have  un- 
doubtedly   been  planed  off  since  Archean  times. 

The  Copper  Cliff  offset,  though  only  about  three  and  a  quarter  miles  long,  and 
therefore  shorter  than  two  other  offsets,  at  Worthington  and  in  Foy  township,  is  much 
the  most  important  in  the  Sudbury  region,  for  its  ore  deposits  have  already  supplied 
more  than  800,000  tons  of  rich  ore. 

The  peculiar  arrangement  of  the  nickel  range  between  this  offset  and  thmt  at 
Worthington,  as  if  a  block  of  the  Archean  support  11  miles  long  on  the  acid  side  and 
16  miles  long  on  the  basic  side  had  slipped  down,  producing  faults  at  each  end  tlirongii 
which  an  outlet  was  afforded  to  the  molten  rock  and  sulphides,  has  already  been  msB- 
tioned;  and  the  greater  irregularity  of  th^  Copper  Cliff  offset  is  perhaps  due  to  1^ 
variety  of  the  rocks  forming  the  substratum.  This  offset  differs  from  the  other  tvo 
in  the  much  greater  volume  of  sulphides  distributed  along  it  and  in  its  greater  ^fo* 
continuity,  the  southern  outcrops,  at  Copper  Cliff,  the  former  Orford  smelter,  sad 
Evans  mine,  being  separated  from  the  main  offset  and  from  one  another  by  qpsoes 
ot  from  a  quarter  to  three-quarters  of  a  mile. 

Th^re  seems  to  be  a  connection  between  halts  or  obstructions  in  the  devious  clisii- 
nel  followed  by  the  molten  material  and  the  accumulation  of  sulphides,  the  main  ore 
deposits  occurring  at  the  end  of  a  continuous  band  of  norite  as  in  No.  2,  or  in  isolatod 
outcrops,  as  at  the  Copper-  Cliff  and  Evans  mines.  Dr.  Peters'  comparison  of  these 
ere  bodies  to  a  string  of  sausages  with  a  long  bit  of  string  between  the  sausaces  is 
very  apt. 

As  the  line  of  outcrop  in  the  isolated  parts  does  not  correspond  to  the  origintl 
southeasterly  direction  of  the  offset  it  is  possible  that  faulting  bias  taken  plaoe  sin'se 
the  consolidation  of  the  pyrrhotite-norite  magma,  producing  the  discontinuity  and 
causing  horizontal  displacement  toward  the  west,  but  in  the  large  amount  of  minor 
faulting  it  has  not  yet  been  proved  that  there  are  main  faults  of  this  magnitude. 

Elsie  Mine 

Returning  to  the  basic  edge  of  the  main  range  the  contact  can  ue  followed  nor£h- 
east  from  Lady  Violet  mine,  passing  to  the  southeast  of  Pump  lake  and  then  tumiog 
east  towards  Elsie  mine.  The  norite  is  of  the  usual  kind  and  most  of  the  way  is  in 
contact  with  granite,  partly  coarsely  gneissoid,  having  a  strike  of  65^,  and  lodrng 
like  Laurentian,  but  partly  medium-grained,  flesh-colored,  and  probably  later  thsn 
the  norite.  With  the  granitic  rocks  are  occasional  hills  of  "older  norite"  and  of 
greenstone  near  the  boundary  between  Snider  and  McKim  townships;  and  at  th^ 
Elsie  mine,  in  lot  12,  con.  V  of  the  latter  township,  various  greenstones  cover  a  larce 
area  to  the  south  of  the  contact. 

Elsie  mine  is  situated  at  a  small  embayment  of  the  norite,  which  lies  as  a  low 
plain  extending  for  a  mile  or  more  to  tlie  north  with  little  change  of  level.     The 
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>  is  ir«KtherinE  rapidly   into  rounded   boulder-like  masssB  partly   buried  in  thi» 
I  Mnd;  materials  resulting  from  the  decaj  of  enclosing  rock,  giving  clear  ^- 

of  the  origin  of  the  plain. 
,t  ite  edge  the  uorite  shows  rusty,  pitted  surfaces  as  usual,  and  these  increaae  till 
limgated  ore  body  is  reached,  where  an  open  pit  ahowa  that  the  foot  wall  of 
us  greenstones  slopes  at  an  angle  of  about  29°  to  the  northwest.  The  clean  ore 
.  thicknen  of  %  feet,  but  is  in  irregular  pockets,  while  above  it  there  is  mixed 
nd  norite,  in  some  places  for  about  40  feot.  There  has  been  some  clipping  and 
nsiding,  but  the  surface  of  the  underlying  rock  is  much  more  uniform  than  at 

mines,  such  as  the  Creighton. 
lie  ore,  which  is  lew  rich  than  in  the  mines  to  the  southwest,  is  almost  wholly 
otite  and  chalcopyrite,  though  a  few  seams  of  quarts  and  cslcite  with  clay  and 
pyrites  occur.    The  pyrites  contains  no  nickel. 


Jointage  of  greenstone  south  of  Elsie 


?o  the  west  and  north  of  the  mine  the  coarse-textured  norite  with  the  usual  blehs 
iifsh  quartz  and  black  mica  occasionally  varies  into  patches  of  a  much  coarser 
ed  variety  with  a  suggestion  of  concretionary  structure,  consisting  of  vague 
1  which  contain  more  hornblende  toward  the  outer  edge  and  more  plagioclaaa 
'd  the  centre,  with  which  there  is  usually  a  considerable  amount  of  quarts  int«r- 
].  These  areas  vary  from  the  size  of  one's  hand  to  several  square  yards,  and  Be«n 
whole  t«  be  distinctly  more  acid  than  the  average  norite. 

'he  Elsie  mine  dump  shows  a  considerable  variety  of  rock  beside  the  norite, 
site  or  felsitic  arkoae  and  greenstonee  being  the  comrooneet;  and  the  hill  which 
tt«^1y  to  the  south  presents  an  even  greater  variety.  At  the  foot  ne«r  the  ore 
are  some  bands  of  arkose  or  quartzitic  rock,  evidently  sedimentary,  mixed  «\t.b 
ilende  porphyrites,  but  higher  up  the  hill  the  pTOTalent  roct  \b  "A6»t  ■os.-r**;" 
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iine-grained  and  gray  in  color  with  a  network  of  slightly  raised  green  bands  oii 
weathered  surfaces.  Thin  sections  prove  that  this  rock  consists  of  plagioclase  and 
hypersthene  without  quartz,  sc  that  it  is  a  more  basic  rock  than  the  nickel-bearing 
Dorite. 

The  older  norite  is  mixed  with  or  passes  into,  several  other  rocks,  especially  green- 
stones and  hornblende  porphy rites,  but  also  an  amygdaloidal  rock  showing  very  pro- 
uounced  * 'pillow  structure,''  indicating  surface  lava  flows.  The  pillows  may  be  from 
a  few  inches  to  four  or  five  feet  in  diameter,  and  consists  of  a  paler  centre,  sometimes 
elder  norite,  with  a  dark  margin  having  two  or  three  inches  of  the  outside  thickly 
sprinkled  with  small  white  amygdules. 

A  wide  band  of  this  mixture  of  greenstones  extends  south  toward   Copper  Cliff, 
« covering  several  square  miles. 

Murray  Mine 

The  gossan  edge  of  the  norite  at  Elsie  continues  without  a  break  toward  the  north- 
east to  Murray  mine  on  the  north  half  of  lot  11.  This  is  one  of  the  oldest  and  mos; 
carefully  studied  of  the  mines  of  the  region.  Baron  von  FouUon  and  Professor  T.  I< 
Walker  having  worked  upon  it,  proving  that  the  accompanying  rock,  up  to  that  time 
called  diorite,  was  really  norite.  For  a  number  of  years,  however,  the  mine  has  not 
been  operated,  and  conditions  are  not  now  favorable  for  its  examination. 

Much  of  what  has  been  said  of  the  Elsie  mine  applies  to  the  Murray  mine  also; 
but  the  band  of  gossan  is  wider  here  and  apparently  the  ore  body  considerably  larger. 
Several  large  dikes  of  olivine  diabase  cross  the  norite,  some  of  them  cutting  the  ore 
body  itself,  and  run  in  the  direction  120**  towards  Ramsey  lake  near  Sudbury,  their 
course  having  been  determined  by  Dr.  Barlow.  As  the  conditions  of  the  mine  are  not 
easily  seen  at  present  it  may  be  well  to  quote  a  description  of  it  from  one  of  the 
gentlemen  who  operated  it  12  years  ago. 

In  1893  Captain  Richards  stated  to  the  Inspector  of  Mines  that  *'the  ore  body, 
which  possesses  an  average  thickness  of  70  feet,  strikes  in  the  direction  northeast  and 
southwest  and  dips  northwesterly  45°  from  the  hcrizontal.  This  agglomerated  nia«s 
of  nickeliferous  pyrrhotite  and  diorite  is  contained  by  diorite  walls.  The  foot  wall 
at  certain  points,  as  proved  by  mining  operations,  presents  the  appearance  of  a  true 
fissured  plane  upon  which,  at  some  time  or  other,  the  ore  body  has  moved,  as  evidenced 
by  the  coarse  flucan  or  attrited  matter  which  separates  the  ore  from  the  wall.  In  some 
places  through  the  occurrence  there  exist  large  inclusions,  horses  or  intrusions  of 
diorite  containing  fragments  of  granite."  As  these  mines  are  now  full  of  water,  little 
can  be  said  of  the  relationships  of  the  ore  body  to  the  adjoining  rocks  beyond  what 
is  visible  on  the  surface.  The  character  of  the  norite  mass  has  been  elaborately  des- 
cribed by  Dr.  T.  L.  Walker,  so  that  it  is  only  necessary  to  say  that  it  is  th«  ordinary 
coarse-grained  rock  with  bluish  quartz.  The  contact  of  the  norite  with  the  adjoining 
rock  runs  about  northeast  from  the  Elsie  to  the  Murray  mine,  and  continues  in  the 
same  direction  past  the  latter,  more  or  less  gossan  marking  the  boundary  all  the  way- 
The  hornblende  schist  and  porphy  rite  forming  the  foot  wall  at  the  Elsie  is  largely 
interrupted  at  the  Murray  mine  by  dikes  from  the  southeast  end  of  an  area  of  red 
granite  later  in  age  than  the  norite,  which  it  has  penetrated  in  the  most  confused  way. 
sometimes  forming  a  giant  breccia  of  norite  blocks  with  narrow  seams  of  granite 
between,  but  part  of  the  apparent  granite  may  prove  to  be  squeezed  and  modified 
arkose  or  re-composed  granite.  The  greenstone  near  the  Murray  mine  is  sometimes 
sheared  into  schist  with  bands  of  lighter  and  darker  green,  showing  great  dynamic 
action. 

On  the  dump  of  the  Murray  mine  much  of  the  norite  is  found  to  be  filled  with 
sulphide  granules  of  all  sizes  and  in  all  proportions,  as  at  most  other  nickel  mines,  the 
ore  being  in  coarse  grains  when  tVve  toek  \a  co^x^^  ^wd  vice  versa.    In  addition  to  the 


*''^y^-'s>,  ? 


Bureau  of  Mines 


usual  countrj  rocks  on  the  dump  there  is  a  very  coarse  "mslchite"  consisting  of  green 
hornblende  blades  sometimes  six  inches  long  and  white  plagioclase  with  more  or  len 
quarts,  evidentlj  a  eegr^ation  of  the  sort  found  at  Elsie,  bat  of  a  much  ooarser  texture. 
To  the  northeast  of  the  mine  the  goBsan-covered  edge  of  the  norite  extends  for 
half  a  mile  vith  a  few  small  outcrops  of  ore  exposed  bj  stripping  or  test  pits  frtni) 
point  to  point.  In  one  place  a  large  dike  of  diabase  has  been  parti;  stripped  as  if 
in  searching  for  ore,  just  to  the  east  of  a  mass  of  gossan.  Superficially  the  two  rocki 
are  somewhat  alike,  though  the  diabase  shows  no  quarts  bleba,  and  is  not  pitted  witli 
gossan  spots.    At  these  outcrops  the  gossan  leans  against  the  older  rock  as  at  Sultans 

The  range  of  later  granite  hills  to  the  southeast  of  the  Hntray  mine  runs  for  sonn 
miles  paralld  to  the  edge  of  the  norite,  and  in  some  places  encloses  patchee  of  green- 
stone, etc.,  while  it  is  cut  by  the  diabase  dikes  mentioned  above.  One  of  the  largest 
dikes  has  weathered  out  leaving  a  vertically  walled  passage  ISO  feet  wide  through  s 
ridge  of  granite  a  little  east  of  Murray  mine,  providing  an  easy  grade  for  the  old 
road  from  Murray  mine  to  Sudbnry. 


Jointage  of  granite  weet  o£  Murray 


Where  the  Canadian  Pacific  railway  crosses  the  nickel  range  between  Murray  min* 
and  Asilda  (formerly  Rayside),  there  is  an  excellent  section  displayed,  which  was  d«»- 
cribed  by  Prof.  Walker  years  ago,'j  but  m&y  be  referred  to  here  as  one  of  tlie  b«st 
known.  The  whole  width  at  this  point  is  about  four  miles,  so  that  this  is  one  of  the 
broadest  parts  of  the  range,  being  surpassed  only  by  the  part  north  of  Credghton. 
Near  the  mine  the  norite  is  of  varying  texture  and  largely  mixed  with  ore  ma  pyrrbo- 
tite-norite,  and  except  for  a  somewhat  coarse  texture  there  ia  liltle  variation  for  a  mile 
and  a  half  to  the  northwest  along  the  railway  or  the  wagon  road  to  Anida.  At  a  fe« 
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points  the  weathered  eurfaoe  looks  somewhat  reddish  toward  the  northwest  comer  of 
McKim  township,  but  fresh  specimens  have  the  usual  dark  color  of  norite.  Where  the  road 
and  railway  pass  from  McKim  into  Snider  township  and  descend  towards  the  Bayeide 
plain  rather  fine-grained  granite  crosses  as  a  band  about  400  feet  wide  but  very 
irregular;  and  half  a  mile  farther  northwest  there  is  a  similar  band.  Here  the  erup- 
tive becomes  more  acid  in  character  and  redder  in  color^  while  the  rock  rises  as  hills 
in  a  pronounced  way,  probably  because  of  its  change  in  composition,  since  it  no  longer 
weathers  rapidly  as  in  the  low  plain  toward  the  basic  edge. 

Where  road  and  railway  pass  into  a  bay  of  flat  clay  land  the  acid  phase  of  the 
eruptive  has  distinctly  come  in,  with  flesh  red  weathered  surfaces  and  very  rugged 
forms  with  steep  slopes  or  cliffs  toward  the  valley.  Beyond  this  the  eruptive  is  verj 
schistose,  resembling  gneiss  or  felsite  schist  and  has  been  mapped  by  the  Geological 
Survey  as  Huronian,  though  the  finding  of  the  basal  conglomerate  on  a  hill  half  a 
mile  northwest  of  Azilda  station,  with  typical  granite  boulders  and  the  usual  intense 
metamorphism  proves  that  all  the  schistose  rocks  between  the  hill  and  the  red  cliff 
previously  mentioned  must  be  included  in  the  acid  phase  of  the  eruptive.  This  view 
ooirreq[>onds  with  that  taken  by  Prof.  Walker.M 

Blezard  Mine  Region 

From  the  small  outcrops  of  ore  in  the  southern  half  of  lot  10,  con.  VI,  cf  McKim 
tovBship  to  the  Cameron  mine  in  lot  7,  con.  I,  of  Blezard,  a  distance  of  about  two 
miles^  the  basic  edge  runs  with  minor  curves  toward  the  northeast,  showing  little 
gommn  or  other  evidence  of  ore.  The  norite  along  this  portion  is  in  contact  with  later 
fleah-oolored  granite. 

At  the  Cameron  mine,  where  a  small  ore  body  hae  been  developed,  there  is  a  slight 
bay  of  tlie  basic  edge,  which  here  turns  nearly  east  to  the  Little  Stobie  mine  near  the 
north  end  of  lot  6.  Along  this  part  of  the  contact  the  relationships  are  largely  con- 
cealed under  drift  deposits  and  by  woods. 

At  the  Little  Stobie  an  open  pit  diecloees  ore  resting  against  green  schist  and 
hornblende  porphyrite;  and  the  norite  shows  a  little  to  the  north  and  also  to  the 
floathwest  in  a  phase  suggesting  breccia  or  conglomerate,  the  usual  rather  coarse  gray 
roek  enclosing  crowded  fragments  of  the  finer  grained  older  norite. 

In  lot  8,  con.  II,  of  Blezard  township,  about  a  mile  northwest  of  the  Little  Stobie, 
a  small  pocket  of  ore  was  found  by  dip  needle  work  by  Mr.  Edison's  party,  and  a  test 
pit  and  diamond  drill  holes  were  sunk  there  to  explore  for  ore,  but  without  success. 
The  drill  core  showed  norite,  weathered  or  fresh,  to  the  depth  of  1,030  feet,  with, 
however,  a  band  of  schist  at  about  260  feet  and  a  considerable  thickness  of  fine-grained 
granite  at  900  to  950  feet. 

On  the  way  to  the  camp  two  small  outcrops  of  granite  are  found,  so  that  here  as 
northwest  of  Murray  mine  dikes  of  granite  cut  the  norite. 

From  Little  Stobie  the  contact  runs  northeast  to  the  north  comer  of  lots  5  and 
6,  con.  I,  and  then  east  as  a  small  emhayment  to  Mount  Nickel  mine,  which  has  been 
partially  developed  by  two  open  cute,  the  sinking  of  a  shaft  to  a  depth  of  165  feet, 
and  a  considerable  amount  of  drifting  at  the  75-foot  level.  This  work  and  two  diamond 
drill  holes  are  said  to  prove  that  there  is  a  good  body  of  ore,  dipping  at  about  an 
angle  ot  30^  toward  the  north,  and  the  ore  dump  is  of  respectable  sisse  and  quality. 
The  open  cuts  show  that  the  ore  is  partly  to  the  south  of  the  norite  in  fractured  and 
broken  greenstone,  as  if  it  had  been  squeezed  into  the  fissures  while  molten,  by  pressure 
from  the  north,  thus  forming  a  sort  of  breccia  of  rock  fragments  cemented  by  pyrrhotite 
and  chalcopyrite. 

Mlbid,  p   S' 
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Blezard  Mine 

From  the  Mount  Nickel  mine  the  contact  bends  gently  toward  the  northeast  to 
the  Blezard  mine  in  lot  4  in  the  second  concession  of  the  township  of  the  same  name. 
Mr.  Robert  McBride,  who  was  captain  of  the  mine  in  1892,  states  that  it  was  opened 
in  1889  and  1890  by  the  Dominion  Mineral  Company,  and  shut  down  in  1892.  At 
present  the  surface  is  so  covered  with  buildings  and  heaps  of  waste  rock  that  verj 
little  can  be  seen  of  the  immediate  surroundings  of  the  ore  deposit,  and  the  large  pit 
is  of  course  full  of  water.  The  waste  rock  includes  some  norite  and  gabbro,  but  much 
more  greenstone,  such  as  hornblende  porphyrite  and  fine-grained  hornblende  schist, 
as  well  as  quartzite.  The  walls  of  the  open  pit  consist  mainly  of  green  schist,  including 
some  masses  of  quartzite,  but  on  the  northeast  side  what  is  apparently  a  projection 
of  gabbro  from  the  large  area  to  the  north  reaches  the  opening.  The  norite  to  the 
north  is  the  usual  coarse-grained  kind  with  quartz  and  biotite,  and,  according  to  Dr. 
T.  L.  Walker,  extends  to  the  shcre  of  Whitson  lake  where  it  gradually  chansjes  to 
gneissoid  granite.  The  gabbro  or  norite  band  is  flat  and  low,  contrasting  with  the 
•rough  ridges  of  greenstone  and  quartzite  to  the  southeast.  As  the  surface  is  so  much 
covered  the  description  of  the  surroundings  of  the  ore  body  as  seen  in  the  early  days 
by  Dr.  Bell  may  be  quoted:  • 

"Th^  ore  consists  of  a  body  of  mixed  chalcopyrite  and  nickeliferous  pyrrhotite 
mingled  with  more  or  less  rock  matter,  giving  the  whole  the  appearance  of  a  con- 
glomerate. ^  The  general  strike  of  the  country  rocks  is  here  as  elsewhere  in  the  vicinity 
about  northeast  and  southwest.  The  ore-bearing  belt,  whdch  is  associated  with  a  dark 
quartz-diorite,  is  about  100  feet  wide  and  dips  northwest  at  an  angle  of  65^.  It  is 
overlaid  by  a  massive  bed  of  ash-colored  graywack^,  the  weathered  surfaces  of  which 
present  raised  reticulating  lines.  Immediately  to  the  northwest  of  the  shafts  there 
is  a  dike  from  30  to  50  feet  wide,  of  dark  brownish  gray  crystalline  diabase,  weathiering 
at  the  surface  into  rounded  boulder-like  masses,  which  scale  off  concentrically." 

The  open  pit  is  said  to  be  60  feet  deep,  and  the  lower  workings  of  the  mine  reach 

a  depth  of  172  feet;  but  the  plans  of  the  mine  appear  to  have  been  lost,  so  that  the 

shape  of  the  ore  body  cannot  be  definitely  given.     It  may  be  mentioned  that  the  rock 

dump   is   unusually   free  from   ore,   showing   that  the  separation   of  the  ore   from   the 

waste  rock  was  carried  out  more  carefully  than  at  other  mines  in  the  region. 

The  Blezard  is  the  last  mine  toward  the  northeast  which  has  been  worked  on  any 
large  scale  along  the  basic  edge  of  the  main  nickel  range,  though  several  prospects  and 
small  workings  are  found  beyond  this  toward  th]e  east. 

The  road  from  Blezard  north  past  Whitson  lake  (locally  called  Blezard  lake)  gives 
a  good  section  of  the  nickel-bearing  eruptive,  which  is  here  only  two  miles  and  a 
half  wide.  A  similar  section  is  displayed  along  the  shores  of  the  lake,  as  described 
by  Prof.   Walker. 25 

The  basic  edge  at  Blezard  mine  is  of  the  typical  sort  for  the  southern  range, 
consisting  of  dark  gray  norite  with  bluish  quartz  and  some  plates  of  biotite.  A  wide 
swamp  intervenes  between  the  outcrops  near  Blezard  mine  and  the  hills  to  the  north, 
where  rock  once  more  appears;  and  the  character  of  the  rock  is  still  that  of  norite, 
though  coarser  in  texture  and  paler  in  color  than  at  the  mine.  After  a  short  interrup- 
tion of  pale  flesh-colored,  fine-grained  rock,  probably  a  mass  of  metamorphosed  quartz- 
ite, a  coarse  flesh-colored  to  gray  variety  of  the  eruptive  is  again  encountered,  either 
a  syenite  or  diorite  in  appearance.  A  sharp  hill  of  reddish  gneissoid  rock  rises  just 
beyond  this,  possibly  a  band  of  later  granite,  though  it  is  sheared  into  a  distinct 
gneiss.  Next  comes  a  dark  flesht-colored  variety  of  the  eruptive,  suggesting  syenite, 
but  proving  under  the  microscope  to  consist  mainly  of  pegmatite  with  much  quartx. 
Coming  down  to  lower  ground  near  the  northwest  end  of  Whitson  lake  a  darker  gray 
rock,  sometimes  gneissoid,  represents  the  acid  edge  of  the  eruptive  and  stands  in 
contact  with  the  sediments. 
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At  the  edge  there  is  a  narrow  band  of  conglomerate  containing  pebbles  and 
boulders  of  quartzite,  granite,  and  perhaps  other  rooks,  with  some  green  chloritic 
echist,  partly  as  matrix  and  partly  without  pebbles.  There  has  been  a  good  deal  of 
crushing  along  the  margin  of  the  eruptive,  and  the  relationships  are  not  always  clear, 
but  the  strike  is  about  60^  with  a  dip  of  S5^  to  56^  to  the  southeast,  ba  if  the  eruptive 
had  overturned  the  edge  of  the  sediments.  Beyond  the  contact  tuffs  of  the  usual 
kind  are  fo\ind  at  various  points  along  the  road. 

The  Prood-5tobie  Offset 

The  Stobie  mine  and  its  surroundings  are  probably  best  taken  up  in  association 
with  the  Blezard  and  Mt.  Nickel  mines,  its  nearest  neighbors  to  the  north,  though 
no  surface  connections  are  known  between  this  important  offset  and  the  main  nickel 
range,  later  granite  and  older  greenstones  intervening  for  a  width  of  about  a  mile 
between  the  two. 

The  Frood-Stobie  offset  run£  for  a  little  less  than  two  miles  from  southwest  to  north- 
east  parallel  to  the  main  range,  beginning  as  a  narrow  gossan  band  in  lot  7,  con. 
V,  of  McKim  township,  and  ending  at  the  Stobie  mine  in  lot  5,  con.  1,  of  Blesard.  The 
gossan  is  first  seen  about  four  miles  northeast  of  Lady  Macdonald  mine  at  the  upper 
end  of  the  Copper  Cliff  offset,  with  which  it  probably  has  no  connection. 

Beginning  at  the  southwest  the  rusty  surface  of  gabbro  is  first  encountered  about 
1,100  yards  from  the  Frood  as  a  band  indistinctly  separated  from  the  adjoining  rock, 
which  is  graywacke  and  schist,  often  containing  large  pseudomorphs  after  staurolite. 
The  band  rises  as  a  ridge  which  is  generally  red-brown  from  the  gossan,  but  is  cut  off 
by  a  narrow  interruption  of  quart^ite  600  yards  southwest  of  the  mine.  The  rusty 
gabbro  quickly  rises  again  and  widens  greatly,  until  near  the  mine  it  reaches  its 
greatest  width  of  about  200  yards.  In  this  part  it  has  quarzite  and  graywacke  to 
the  southeast,  striking  40^^  about  the  direction  of  the  norite  band  itself.  On  the 
northwest  the  rocks  adjoining  it  are  more  varied,  but  the  rock  in  immediate  contact 
is  generally  diorite.  Beyond  these  rocks,  which  rise  against  each  side  of  the  gabbro, 
there  are  broad  swamps.  To  the  north  of  the  mine  the  gabbro  hill  dips  down  quickly 
into  swampy  ground,  and  is  presently  cut  off  by  quartzite  and  green  schist.  Beyond 
the  swamp  to  the  northwest  at  about  200  yards  distance  a  chain  of  granite  hills  runs 
parallel.  The  granite  is  rather  fine-grained,  fleeh-colored,  and  appears  to  be  a  part 
of  the  later  granite  mass  observed  near  the  Murray  mine  two  miles  to  the  west. 

At  the  Frood  mine  or  No.  3  belonging  to  the  Canadian  Copper  Company,  the 
gabbro  rises  about  90  feet  above  the  low  ground  around,  showing  an  eruptive  contact 
with  the  graywacke  and  quartzite  on  its  flanks,  but  the  hill  is  so  covered  with  gossan 
that  boundaries  are  not  easily  fixed.  The  mine  has  been  opened  up  by  two  large  open 
pits  and  a  shaft,  and  the  ore  is  irregular  in  its  occurrence  and  greatly  mixed  with  rock 
matter,  the  large  dump  showing  chiefiy  norite  and  graywacke,  but  also  some  blocks 
of  actinolite  and  talc,  no  doubt  secondary  products.  Angular  and  rounded  masses  of 
rock  are  enclosed  in  the  ore  as  matrix,  one  pebble  being  of  white  quartzite,  but  these 
pebbles  and  boulders  are  probably  the  result  of  rolling  between   faulted  surfaces. 

This  mine  is  on  the  southeast  side  of  the  widest  part  of  the  norite  band,  and  a 
small  open  pit  to  the  north  shows  typical  pyrrhotite-norite,  with  every  mixture  of  the 
two  materials;  while  rusty  surfaces  extend  all  across  the  band  to  lot  7,  where  another 
company  has  done  a  small  amount  of  development  work  on  the  northwest  side  of  the 
ridge.  The  ore  here  seems  greatly  mixed  with  rock.  Stakes  placed  at  regular 
intervals  over  the  ground  show  that  a  magnetic  survey  has  been  carried  out,  but  the 
results  do  not  seem  to  have  justified  further  work. 

This  part  of  the  offset,  with  a  small  band  of  graywacke  to  the  southeast  and  of 
greenstone  to  the  northwest,  rises  as  a  narrow  ridge  from  swamps  on  each  ^vdsk  «xA 
ends  a  little  north  of  Frood  mine,   being  cut  off  by  greeiv  ae\i\Rt.    "ftc^oxA  \\.  ^  ^^t^ 


58  Bureau  of  Mines  No.  5 


narrow  band  of  norite  or  of  gossan-coTered  surface  runs  for  more  than  half  a  mile 
northeast,  with  a  narrow  strip  of  greenstone  mixed  with  graywack^  beside  it,  and  a 
wider  band  of  graywack^  between  it  and  the  range  of  granite  hills  referred  to  before 
as  beginning  at  Murray  mine.  , 

About  half  way  between  the  Frood  and  Stobie  mines  the  band  of  rusty  norite 
becomes  discontinuous,  and  beyond  this  there  are  only  patches  of  gossan-stained  sur- 
face with  a  little  fine-grained  norite  entangled  in  graywack^  oonglcHnerate  and  green- 
stone ;  the  ridge  sinking  into  the  swamp.  There  is  much  eyidence  of  crushing  and 
shearing  along  this  line,  which  must  indicate  n  plane  of  weakness  and  more  or  leas 
faulting  througii  which  the  norite  could  intermittently  penetrate. 

There  is  a  gap  of  about  400  yards  between  the  last  undoubted  outcrop  of  norite 
and  the  gossan  hill  at  Stobie  which  rises  steeply  with  a  still  higher  point  of  sreMistone 
just  to  the  south. 

The  Stobie  Mine 

The  Stobie  mine  was  one  of  the  earliest  discovered,  and  has  been  worked  more 
extensively  than  any  other  exo^t  the  Creighton,  most  of  the  ore  having  been  taken 
from  great  open  pits,  though  there  are  also  underground  levels,  reaching  a  depth  of 
about  250  feet.  The  ore  body  dips  at  an  angle  of  65^  toward  the  west.  The  mine  has 
been  shut  down  since  1901,  and  the  pits  contain  much  water,  but  the  main  cavemom 
opening  with  its  stopes  and  irregular  projections  gives  an  impressive  idea  of  the  sLm 
of  the  deposit^  which  is  said  to  be  far  from  exhausted,  though  more  thian  400,000 
tons  have  been  taken  from  it. 

The  mine  is  at  the  foot  of  the  gossan-covered  hill  on  the  east  side,  and  the  en- 
closing rocks  are  of  various  kinds,  including  but  little  norite.  The  hill  top  shows  a 
number  of  small  patches  of  this  rock  with  more  or  less  ore  embedded  in  a  mixture 
of  green  schist,  hornblende  porphyrite,  graywacke  and  crush  conglomerate,  as  if 
squeezed  up  through  a  colander  from  beneath;  and  the  whole  hill,  which  is  330  yards 
in  length  from  east  to  west  and  half  as  wide,  is  more  or  less  goasan-covered,  making 
the  relationships  difficult  to  determine.  To  the  north  there  is  swamp,  to  the  west 
graywacke,  to  the  south  green  schist  and  hornblende  porphyrite  rising  still  higher 
than  the  gossan  hill,  and  to  the  east  there  are  the  great  open  pit,  the  mine  buildings 
and  the  rock  dumps,  with  a  mixture  of  rocks  showing  between,  including  those  pre- 
viously mentioned,  and  also  a  patch  of  graywacke  conglomerate  undoubtedly  formed 
by  water,  since  the  well-rounded  pebbles  are  of  great  variety. 

The  openings  at  the  pits  show  mainly  graywacke,  hornblende  porphyrite  and 
grayish  schists  with  only  a  minimum  of  rather  fine-grained  norite.  The  only  other 
rock  observed  about  the  hill  is  a  small  patch  of  reddish  granite  on  the  south  slope, 
isolated  as  if  part  of  the  crush  conglomerate.  The  large  rock  dumps  consLst  chiefly 
of  graywacke,  often  somewhat  granitic  or  dioritic  looking,  and  quartzite,  with  a  little 
gabbro  and  a  few  blocks  of  chloritic  or  actinolitic  rock.  One  block  of  diorite  schist 
had  been  sheared  along  a  number  of  planes  which  are  now  gilded  with  films  of  sulphide. 
The  norite  on  the  dump  is  often  filled  with  shot-like  grains  of  ore  as  at  ao  many  other 
mines  in  the  region. 

The  offset  has  not  been  traced  farther  to  the  northeast,  though  a  strip  of  swamp 
extending  towards  Blezard  may  conceal  an  extension  in  that  direction,  since  there  is 
considerable  disturbance  of  the  compass  there.  Where  the  swamp  ends  outcrops  of 
greenstone,  etc.,  bar  the  way  to  a  direct  connecticm  with  the  main  range.  It  may  be 
that  the  widest  part  of  the  band,  near  Frood  mine,  was  at  first  joined  to  the  basie 
edge  before  the  belt  of  granite  was  erupted  between  them. 

It  is  evident  that  this  offset  differs  from  all  the  others  in  having  no  visible  con- 
nection with  a  funnel-like  bay  of  the  norite  edge.     From  the  map  it  will  be  seen  that 
tho  basic  edge  of  the  eruptive  aVon^  t\i\&  i^axt  oi  \t«  course  is  unusually  straight  with 
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curves  to  the  northwest  rather  than  towards  the  offset.  The  basic  edge  parallel  tu 
this  offset  contains  little  ore,  and  it  seems  not  improbable  that  there  was  a  subter- 
ranean outlet  for  the  ore,  which  made  its  way  up  through  a  line  of  shattering  cor- 
responding  to  the  strike  of  the  band  of  graywacke,  which  has  the  usual  northeast- 
southwest  trend. 

The  rocks  adjoining  this  offset  are  of  extraordinary  variety,  including  both 
sediments  and  eruptives  of  interest.  The  graywacke  so  often  mentioned  sometimes 
contains  well-rounded  pebbles  and  shows  cross-bedding.  It  merges  into  Ene-grained 
gneiss  in  some  places,  and  in  others  is  crowded  with  large  white  pseudomorphs  after 
staurolite  of  a  very  showy  character.  These  crystals  are  often  oriented  parallel  tc  one 
another,  but  at  an  angle  with  the  schdfitose  structure,  which  runs  about  55^  to  65^ 
and  must  be  of  later  date  than  the  staurolites.  Other  parts  of  the  graywacke  contain 
concretions  or  pebbles  of  quartzite  from  the  size  of  a  pea  to  that  of  an  orange,  the 
larger  ones  usually  having  an  eye  and  eyebrow  arrangement,  as  if  a  crescent-ehjaped 
shell  had  split  off  and  separated  itself  half  an  inch  from  the  oval  mass  in  the  middle. 

Along  with  these  curious  rocks  there  are  smaller  bands  of  conglomerate  crowded 
with  pebbles  of  various  kinds  and  a  few  small  outcrops  of  gray  or  pure  white 
quartzite.  •  Bands  and  small  bcsses  of  hornblende  porphyrite  penetrate  these  sediments, 
and  are  generally  oriented  to  corespond  with  the  strike. 

To  the  north  of  Stobie  and  separating  it  from  the  main  nickel  range  there  are 
rugged  hills  mapped  as  greenstones,  but  really  containing  a  singular  variety  of  rocks, 
^such  as  the  older  norite  merging  into  greenstone  toward  the  north,  and  more  altered 
rocks  toward  the  south,  often  what  appears  to  be  hornblende  schist  crowded  with 
white  bean-like  quartzite  with  sharp  outlines.  With  these  occur  larger  white  spots 
with  a  darker  centre  and  even  concentrically  arranged  orbicular  forms  with  lighter 
and  darker  belts  having  a  diameter  of  an  inch  or  two.  Pillow  structure  of  an  indis- 
tinct kind  is  found  in  places  but  scarcely  amygdaloidal  as  near  Elsie. 

Northeastern  End  of  Main  Range 

Beyond  Blezard  the  norite  contact  sinks  beneath  the  swampy  border  of  a  creek 
flowing  into  Whitson  lake,  and  when  it  reappears  there  are  few  indications  of  ore 
until  the  Sheppard  or  Davis  mine  is  reached  in  the  south  half  of  lot  1,  con.  Ill,  of 
Blezard  township.  It  is  said  by  Captain  McBride  that  a  shaft  180  feet  deep  was 
sunk  on  this  property,  and  that  very  rich  ore  was  obtained  from  it,  some  assays  run- 
ning as  high  as  19  per  cent,  of  nickel.  The  surface  showing  is  not  promising  as  to 
amount  of  ore,  but  the  sulphides  include  a  drusy  reticulated  mineral  which  weathiers 
rapidly,  perhaps  polydymite.  In  the  green  schist  a  little  south  of  the  basic  edge  on 
this  property  a  pit  has  been  sunk  on  quartz  containing  some  copper  pyrites  and  mar- 
casite. 

In  lot  12  of  Garson,  just  adjoining  the  Sheppard  mine  the  edge  of  the  norite 
against  green  altered  eruptives  is  schistose  and  contains  fragments  of  the  adjacent 
rock  sheared  out  into  short  narrow  bands. 

Within  the  township  of  Garson  the  basic  edge  runs  nearly  due  east  along  the 
southern  side  of  concession  III,  and  the  width  of  the  eruptive  gradually  increases 
eastward  from  two  and  a  third  to  three  and  a  half  miles  at  the  Cryderman  mine. 
On  th«  line  between  lots  11  and  12  greenstone  is  found  as  low  hills  to  the  south,  the 
north  boundary  being  lost  under  swamps ;  but  a  half  mile  east  the  contact  is  found  a  third 
of  a  mile  north  of  con.  II,  just  beyond  the  line  between  10  and  11,  and  some  gORsan 
and  ore  occur  in  a  pit  sunk  by  Malbeuf  and  Martin.  To  the  south  of  the  pit  there 
is  well-stratified  graywacke  rising  as  low  hills  through  a  surface  of  rolling  clay  on 
which  settlers  are  taking  up  farms.  East  of  this  no  evidence  of  ore  was  seen  until 
the  Kirkwood  mine  was  reached  in  lot  8 ;  the  low  norite  hills  of  pale  gray  color  being 
sepBrated  by  a  strip   of  swamp  itom  ^T^eti^^xi^^,  sometimes  surface   lava    flows  with 
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amygdaloids  and  pillow  structure.  Neither  rock  forms  hills  of  much  height,  the  norite 
seeming  as  resistant  as  the  greenstones,  an  unusual  circumstance  probably  due  to  the 
squeezing  of  the  norite  and  its  re-arrangement  to  a  somewhat  schistose  hornblendic 
rock  which  is  not  easily  weathered. 

At  the  Kirkwood  mine  a  good  deal  of  development  work  has  been  done  including  the 
sinking  of  two  pits  or  shafts,  now  full  of  water,  but  fire  has  destroyed  all  the  structures 
connected  with  the  mine.  The  shafts  are  on  &ills  about  100  yards  apart,  the  western 
one  seeming  to  be  in  greenstone  30  or  40  yards  south  of  the  norite,  thje  other  at  the 
margin  of  very  much  sheared  and  crushed  norite  of  a  pale  gray  color,  with  somewhat 
banded  greenstone  to  the  south,  the  norite  rising  higher  than  the  adjoining  rock,  which 
sinks  into  sandy  drift-covered  ground  occupied  by  a  farm.  The  rocks  to  the  south 
are  quite  varied,  graywack^  and  quartzite  occurring  as  well  as  the  greenstone,  all 
frequently  crushed  to  a  brecpia  or  conglomerate.  At  one  point  half  a  mile  southeast 
of  the  mine  a  little  patch  of  norite  is  found  in  the  other  rocks,  having  blebs  and  larger 
masses  of  ore  disseminated  through  it,  evidently  a  small  discontinuous  offset. 

From  the  Kirkwood  to  the  Cryderman  mine  the  actual  contact  of  the  basic  edge 
is  hard  to  follow  owing  to  drift  and  wooded  country,  but  in  general  the  norite  is  found 
not  far  to  the  north  of  the  Huronian,  the  edge  being  more  easily  weatherd  than  the 
rocks  on  either  side.  The  norite  retains  its  sheared  and  altered  character,  and  would 
hardly  be  recognized  as  the  nickel-eruptive  but  for  its  continuity  with  the  more 
cluaracteristic  rock  to  the  southwest  and  its  connection  with  ore  bodies. 

Half  a  mile  east  of  the  Kirkwood  property  the  rock  south  of  the  norite  is  largely 
a  crush  conglomerate  of  quartzite  and  graywack^,  some  bands  of  water-formed  con- 
glomerate containing  pebbles  having  a  strike  of  110° 

At  the  Cryderman  mine  on  the  south  halves  of  lots  4  and  5,  con.  Ill,  of  Garson 
there  is  a  larger  showing  of  gossan  than  at  the  Kirkwood,  and  several  pits  have  been 
sunk,  one  large  and  the  others  small,  while  a  considerable  amount  of  stripping  has 
been  done.  The  surface  has  been  gridironed  with  pegs  for  a  magnetic  survey,  the 
results  of  which  are  not  available;  and  diamond  drill  cores  lying  about  show  that  a 
good  deal  of  investigation  has  been  devoted  to  the  property.  The  pale  gray,  somewhat 
sheared  norite  has  a  very  irregular  margin  against  greenstone  and  green  schist,  and 
shows  the  usual  spotted  appearance  where  blebs  of  ore  have  weathered  out.  Part  of 
the  norite  is  very  fine-grained  for  the  main  range.  The  most  important  openings  are 
near  the  margin,  but  the  most  southern  outcrop  is  in  greenstone  about  200  yards  south 
of  the  basic  edge,  evidently  on  a  small  offset. 

The  basi6  edge  can  be  followed  for  a  mile  east  of  the  mine  with  little  change  ex- 
cept for  the  lack  of  gossan  and  of  ore,  the  norite  still  presenting  the  greatly  squeezed 
and  rolled  appearance.  Sand  and  gravel  plains  now  begin  to  encroach  on  the  boun- 
dary of  the  nickel  eruptive,  so  that  there  are  some  gaps  in  our  mapping. 

A  very  good  cross  section  of  the  nickel  range  is  afforded  by  the  road  north  of 
Headquarters  toward  the  Blezard  valley,  the  southern  part  of  which  was  formerly  the 
grade  of  one  branch  of  the  Emery  railway.  Most  of  the  road  is  over  sand  and  gravel, 
but  there  are  numerous  outcrops  of  rock  ranging  from  the  peculiar  pale  gray  sheared 
norite  to  coarse  dioritic  material  and  dark  or  pale  flesh-red  schistose  rock  belonging 
to  the  acid  edge. 

In  the  township  of  Falconbridge,  lot  7,  con.  IV,  the  basic  edge  turns  north  and 
has  been  followed  here  for  over  a  mile  with  gneiss  containing  greenstone  inclusions  as 
the  country  rock.  Four  hundred  and  eighty  paces  east  of  the  corner  post  between 
lots  7  and  8,  on  the  line  between  concessions  IV  and  V  the  most  easterly  point  of  the 
basic  edge  is  reached,  here  gossany  and  lying  against  gneiss.  Just  to  the  south  some 
stripping  has  been  done  and  ^  small  shaft,  sunk  in  rock  containing  thinly  disseminated 
sulphides,  principally  pyrrhotite.  As  there  is  a  southeasterly  bay  of  the  norite  at 
this  point  one  would  expect  a  considerable  body  of  ore,  as  on  similar  bays  alon^  <^tVsfi:t 
parts  of  the  basic  edge ;  and  possibly  future  exploration  may  d\fie\o&Q  «vx!(^  ^tl  c^x^t  \^^ 
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Acid  Edge  in  Bkaeard  and  Qarson 

After  Bwingiiig  from  nearly  north  at  Asilda  to  nearly  east  where  leaWng  the  tovii- 
ship  of  Rayside,  the  acid  edge  runs  in  about  the  same  direction  through  conconion 
lY  of  Blesard  to  the  northwest  bay  of  Whitson  lake.  Entering  Bleaard  township  the 
sharp  hills  of  the  acid  edge  sink  into  swamp  before  the  contact  with  the  Trout  lake 
conglomerate,  but  a  little  to  the  east  the  meeting  of  the  two  rocks  is  well  shown  on 
the  hilly  region  southeast  of  the  flat  farm  land  of  Bleaard  valley.  The  conglnnflrate 
here  is  wide  and  characteristic,  the  edge  next  the  eruptive  being  schistoee  and  con- 
taining  large  granite  boulders;  the  next  layer  to  the  northwest  is  a  conglomerate  or 
breccia  crowded  with  rounded  or  uigular  pebbles  of  eev^al  kinds  of  rock;  after  which 
bome  softer  tulPs  with  flattened  pebbles  siniring  toward  the  plain.  The  acid  edge  is 
no  longer  schistose,  as  near  Azilda,  but  has  the  normal  granitic  look. 

To  the  east  the  acid  edge  follows  low  ground  usually,  cutting  two  small  lakes  in 
kyts  9  and  11>  and  then  turning  a  little  northeast  to  Whitson  lake,  where  the  eruptive 
is  grayish  and  schistose,  as  was  mentioned  in  describing  the  section  of  the  eruptiTe 
from  Blezard  mine  to  Whitson  lake.  The  conglomerate  is  here  very  narrow,  only  a  few 
paces  wide,  and  it  as  well  as  the  tufP  beyond  it  is  very  schistose.  Similar  relatione  are 
found  on  the  northeast  side  of  the  lake,  where  the  contact  passes  about  a  quarter  of 
a  mile  from  the  outlet  into  Chelmsford  creek.  The  eruptive  is  pale  gray  with  a  linge 
of  flesh  color  on  weathered  surfaces,  but  darker  gray  on  fresh  ones,  and  is  distinctly 
schistose  like  the  few  feet  of  conglomerate  next  to  it. 

East  of  Whiteon  lake  conditions  are  much  the  same  as  far  as  the  eastern  side  of 
Bleaard  township,  the  edge  crossing  into  Garson  township  about  a  third  of  a  mile  south 
of  the  VI  concession  in  very  swampy  country,  which  continues  half  a  mile  beyond. 
The  acid  edge  turns  somewhat  north,  entering  the  VI  concession  in  lot  8,  and  then 
east  again  across  the  'middle  cf  the  concession  almost  until  it  reaches  the  northeast 
corner  of  the  township.  The  acid  edge  and  conglomerate  with  part  of  the  tuffs  form 
a  steep  east  and  west  range  of  hills  with  many  swampy  tracts  to  the  north. 

About  half  way  across  the  township  the  eruptive  rises  as  a  cliff,  reddish  in  color, 
felsitic  in  texture  and  penetrated  by  many  small  quartz  veins.  On  lot  4  the  acid  edge 
is  grayish  and  schistoee  with  a  wide  band  of  schist  conglomerate  to  the  north,  having 
a  strike  of  125^,  and  along  the  road  from  Blezard  valley  to  Headquarters  it  rises  ts 
a  steep  hill  from  a  gravel  plain,  formed  of  fine-grained  reddish  granite  with  a  slight 
schistose  structure  running  110^.  Here  there  is  a  gap  of  half  a  mile  where  no  rock 
rises  above  the  gravel. 

Just  within  the  southwest  corner  of  Maclennan  township  there  is  a  stnall  outcrop 
of  rock  at  the  acid  edge  where  the  old  railway  grade  ends  in  a  glacial  kettle  mostly 
surrounded  with  sand  and  gravel.  The  acid  edge  here  is  schistoee  with  a  strike  of 
110^  or  120°,  and  next  to  it  is  the  ordinary  schist  conglomerate,  followed  to  the  north 
by  a  ridge  of  tuff.  To  the  east  of  this  a  gravel  plain  and  morainic  ridges  hide  the 
eolid  rock  for  a  long  distance ;  but  the  acid  edge  must  turn  sharply  north  or  northeast, 
since  it  is  next  found  in  lot  3,  con.  Ill,  of  Capreol  on  the  northern  range. 

THE    NORTHERN    NICKEL    RANGE 

introduction 

The  northern  nickel  ranges,  as  known  to  the  prospector,  were  not  continuous,  but 
had  large  breaks  where  no  gossan  or  ore  deposits  had  been  found,  as  in  Morgan  town- 
ship and  near  Windy  lake;  so  that  it  required  careful  geological  exploration  to  folloir 
up  the  band  of  nickel-bearing  eruptive  and  fill  in  the  gaps.  This  has  succeeded  so  well 
that  the  northern  and  southern  ranges  have  been  proved  to  connect  at  this  ends 
without  a  break,  unless,  very  improbably,  there  shoald  be  an  interruption  beneath 
the  sand  and  gravel  plains  of  Capreol  and  Maclennan,  where  direct  evidence  is  lacking 
for  two  or  three  miles. 
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The  baaio  edge  of  the  nickel  eruptive  has,  of  course,  been  followed  with  special  care 
because  of  its  economic  importa9oe  as  th)e  bearer  of  ore  deposits,  but  the  acid  edge 
has  been  studied  in  some  detail  also,  since  the  width  of  the  eruptive  hae  been  found 
to  have  an  important  bearing  on  the  probable  occurrence  of  ore  bodies,  a  very  narrow 
part  of  the  range  seldom  showing  any  gossan  and  never  ore  bodies  of  workable  size, 
while  very  wide  parts  are  almost  invariably  accompanied  by  ore  deposits  of  importance. 

In  the  older  maps  the  northern  nickel  range  was  represented  as  forking  about  the 
middle  of  Bowell  township,  one  band  running  west  to  the  middle  of  Foy  and  tba  other 
southwest  toward  Morgan  township.  Which  of  these  norite  bands  formed  the  basic 
edge  of  the  range  was  uncertain  until  our  work  proved  that  the  southwestern  one 
joins  the  range  already  known  in  Levack  township. 

The  northern  range  as  hiere  described  will  be  considered  to  include  everything  north 
of  the  Sultana  mine  in  Trill  at  the  west  end,  and  of  Falconbridge  at  the  east  end 
of  the  eruptive  basin;  and  the  work  will  be  taken  up  at  the  western  end,  following 
the  range  eastwards.  The  northern  range  as  thus  defined  has  an  irregular  northward 
curve,  its  baeic  edge  is  54  miles  long;  while  the  basic  edge  of  thje  southern  range  is 
only  40  miles  long,  the  doubtful  part  where  the  gravel  plains  cover  the  rock  being 
omitted  from  both.  The  relative  importance  of  the  two  ranges  is  however  very  different, 
since  the  northern  range  is  on  the  average  much  narrower  than  the  eouthiem  one. 

The  Nickel  Range  in  Trill 

Rounding  the  bend  made  by  the  basic  edge  of  the  nickel-bearing  eruptive  lestf 
than  a  mile  west  of  Sultana  mine  the  actual  contact  is  lost  under  swampy  tracts, 
though  the  acid  edge  is  well  defined  to  the  northeast,  and  the  Laurentian  with  some 
patches  of  greenstone  occurs  to  the  southwest  and  west.  An  old  wagon  road  whose 
corduroy  is  almost  rotted  away  follows  the  edge  somewhat  closely,  having  been  made 
by  prospectors  who  did  some  development  work  years  ago  on  locations  taken  up  to 
the  north. 

Trillal)e11e  Mine 

In  the  third  concession  on  the  line  between  lots  10  and  11  of  Trill  there  is  a  fairly 
well  beaten  trail  or  portage  running  east  and  west  connecting  with  a  canoe  route  east- 
wards to  Fairbank  and  Vermilion  lakes;  and  here  just  to  the  west  of  the  old  wagon 
road  granite  of  a  Laurentian  aspect  rises  as  a  rocky  hill  above  the  swamp  so  usual 
at  the  basic  edge  of  the  nickel-bearing  eruptive.  Next  to  this,  going  north,  is  a  dark- 
green  rock  containing  some  boulders,  evidently  a  Huronian  conglomerate  or  breccia, 
and  against  it  ore  is  to  be  seen.  Half  a  mile  farther  north  the  wagon  road  ends  at 
the  mine  called  by  our  guide  the  Gillespie,  but  in  the  Bureau  of  Mines  report  the 
Trillabelle,  where  a  considerable  amount  of  work  was  done  many  years  ago. 

Here  and  170  paces  beyond  are  a  few  foundations  of  stone,  remains  of  a  hoisting 
plant  and  various  log  houses;  and  ore  or  gossan  against  the  hill  which  rises  to  the 
west.  The  rock  observed  is  mainly  greenstone  withi  boulders  suggesting  a  crush  con- 
glomerate, though  a  gray  fine-grained  rock  near  the  northern  pits  may  be  norite.  The 
dip  of  the  rock  face  against  which  the  ore  lies  at  the  points  previously  mentioned 
is  from  35^  to  45^  to  the  east. 

Half  a  mile  north  morainic  hills  conceal  the  bed  rock  and  this  next  outcrop  ob- 
served is  probably  the  basic  eruptive  edge,  the  rocks  higher  up  the  hill  to  the  west 
being  bouldery  greeiistones  like  those  mentioned  before. 

For  a  distance  of  550  paces  east  of  the  line  between  lots  10  and  11  and  near  the 
middle  of  the  fourth  concession  the  rocks  observed  are  a  somewhat  re-crystallized 
arkose,  evidently  Huronian,  and  beyond  this  only  bouldery  drift  is  seen  for  200  paces, 
probably  covering  the  basic  edge  of  the  nickel-bearing  eruptive,  which  here  rites  from 
under  the  drift. 
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To  the  north  of  the  fourth  concession  the  basic  edge  is  hidden  by  wide  swamps, 
though  it  is  known  to  run  to  the  east  of  Armstrong  lake  where  Laurentian  granite 
crops  out;  and  the  exact  edge  has  not  been  visited  in  lot  8  in  the  I  ooncession  of 
Gascaden,  though  basic  looking  norite  occurs  to  the  east  of  a  narrow  lake  which  cats 
off  access  to  a  location  taken  up  years  ago  on  the  opposite  side  of  the  lake,  said  to 
contain  ore.  The  northern  arm  of  this  lake  marks  the  boundary  between  the  norite 
and  Laurentian  rocks  consisting  of  gneiss  and  greenstone.  From  thSs  point  to  the 
northeast  the  basic  edge  is  most  easily  reached  by  a  trail  from  the  southwest  bay  of 
Windy  lake,  which  runs  largely  over  drift  deposits  including  a  moraine,  but  gives 
access  to  outcrops  of  rock. 

The  basic  edge  is  nearly  straight  from  this  point  in  a  northeasterly  direction  to 
the  bay  just  mentioned,  and  on  Windy  lake  itself  the  northwest  shore,  where  not 
drift-covered,  is  Laurentian  of  the  usual  kind  in  the  region,  consisting  of  reddish  or 
grayish  bands  with  darker  gray  layers  of  finer  grained  schist.  The  islands  off  shore 
and  the  large  peninsula  projecting  from  that  shore  are  of  norite.  On  tfaSe  ];>eiiiiisala 
the  boundary  is  largely  hidden  by  morainic  and  esker  ridges,  but  it  is  diatiiiGtly  seen 
on  the  shore  of  the  southwest  bay.  The  rest  of  the  shores  of  this  beautiful  Uke  are 
of  norite  or  the  intermediate  rock  between  the  basic  and  acid  phlases. 

The  best  section  of  the  nickel-bearing  eruptive  is  provided  by  the  rmSttrty 
cuttings  to  the  west  and  east  of  the  little  station  Onaping;  and  a  number  of  fOek 
specimens  from  these  cuttings  have  been  described  by  Prof.  Walker.^^ 

Beginning  on  the  northwest  near  Windy  Lake  station,  which  is  some  distiUMse  .fpwt 
of  the  lake,  Laurentian  granite  and  gneiss  with'  darker  schistose  inclusiima  are  finmcl 
until  the  shore  of  the  lake  is  reached,  when  gray  dioritic-looking  norite  oecjaoM^  tiie 
actual  contact  however  being  hidden  by  drift.  The  rock  remains  the  same  in  app^r- 
ance  for  100  yards,  but  soon  changes  to  a  reddish  syenitic  phase  of  fine  or  cy^;irse  ^rr/  ♦. 
which  continues  to  Onaping  station,  and  is  followed  toward  the  southeast  by  srefBiBli- 
gray  rock  having  a  peculiar  ophitic-looking  structure.  The  color  and  gmieral  Jtivpear- 
ance  of  the  eruptive  at  the  ends  of  this  section  are  much  alike,  but  the  intenrening 
phase  of  flesh-red  syenite-looking  rock  is  very  different. 

The  acid  edge  of  the  eruptive  rises  as  very  steep  hills  to  a  height  of  900  feet  above 
the  station,  and  the  railway  is  forced  to  follow  the  valley  of  Onaping  river  in  a  sharp 
curve  in  order  to  cross  the  range  of  hills.  The  southeast  side  of  these  hills  consists 
of  hardened  sediments,  at  first  gray,  fine-grained  graywacke  conglomerate  with  pebbles 
and  a  few  boulders  of  quartzite  and  granite,  and  sometimes  also  of  gray  chert,  extend- 
ing along  the  railway  for  about  1,000  feet;  and  followed  by  characteristic  black 
vitrophyre  tuff,  often  crowded  with  small  fragments  of  gray  material. 

Acid  Edge,  Ross  Lake  to  Windy  Lake 

The  nickel  eruptive  gradually  widens  from  the  northward  bend  to  the  noithern 
part  of  the  township  of  Trill,  and  then  narrows  slightly  as  it  approaches  Windy  lake. 
The  acid  edge  near  Ross  lake  is  fine-grained,  gray  and  not  schistose,  but  to  the 
northeast  it  becomes  dark  green  and  schistose,  as  on  Fairbank  lake  which  has  already 
been  described.  The  conglomerate  is  not  very  prominent  along  this  part  of  the  con- 
tact, the  tuffs  coming  close  to  the  acid  edge,  if  not  actually  touching  it. 

Along  the  acid  edge  in  Cascaden  the  norite  is  not  schistose  and  is  paler  gray  in 
color  than  at  the  previous  locality,  sometimes  slightly  reddish.  The  conglomerate  is 
much  more  prominent  here,  at  the  very  edge  looking  like  Laurentian,  a  fine-grained 
confused  gneissoid  rock  with  coarser  patches  in  it,  representing  granite  boulders, 
coming  first,  followed  by  less  metamorphosed  rock  looking  like  Huronian  conglomerate, 
with  pebbles  and  boulders  of  granite,  etc.  Next  comes  a  grayish,  very  fine-grainsd 
rock,  like  some  graywack^s,  more  conglomerate  or  breccia,  and  finally  the  tuff. 
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Very  similar  relatione  are  fouiiO  at  tlie  acid  ettgo  half  a  mile  south  of  Windy 
lake  in  lot  12,  the  eruptive,  which  is  flesh-colored  on  weathered  surfaces,  seeming  to 
blend  into  the  Lau ran tian- looking  conglouerat«.  The  railway  section,  on  the  other 
hand,  shows  a  grayer  acid  edge  and  little  conglomerate. 

In  general  one  may  aay  at  this  end  of  th«  basin  the  acid  edge  is  more  granitic  in 
appearance  when  the  conglomerate  is  wide  and  contains  many  granite  boulders;  and 
is  dark  green  gray  and  very  fine-grained  where  the  conglomerate  is  thin  or  practically 
wanting.  Is  the  darker  color  due  to  absorption  of  part  of  the  black  tuC  in  the  latter 
case,  by  Dr.  Daly's  overhand  stoping? 


The  region  of  the  acid  edge  just  described   is  exceedingly   hilly   and  rugged,  more 
so  than  at  most  points  on   the  acid   edge  of   the  Boiithern   range   described   in   earlier 

Levack  Ore  Deposits 

To  the  northeast  of  Windy  lake  the  basic  edge  may  be  traced,  with  some  interrup- 
tions from  gravel  plains,  to  Onaping  river;  but  no  gossan  or  ore  was  observed  between 
the  Gillespie  mine  in  Trill  and  the  Onaping  river  in  Levack  townhsip.  The  old  mining 
road  from  Onaping  to  the  Levack  ore  deposits  in  now  in  very  bad  condition  from  this 
heavy  teaming  of  the  lumbermen  operating  in  the  r^ion,  and  also  from  flooding,  due 
to  their  dams  on  the  lakes  intended  to  sweep  down  the  lugs  in  the  numowhat  shallow 
river  and  its  tributary  creeks.  A  diamond  drill  plant  wa«i  taken  along  this  road  to 
the  titrathcona  mine  during  the  summer  of  1903  for  the  Lake  Superior  Power  Com- 
pany, but  the  diflicultiee  met  in  transporting  the  heavy  machinery  were  very  great. 
The  road  leads  along  the  river  from  the  station  for  about  2^  miles,  largely  over  gravel 
plains,  then  crosses  a  bridge  and  follows  the  valley  of  a  tributary  toward  the  north- 
east, keeping  along  the  foot  of  a  range  of  Laurentian  bills  just  at  the  margin  of  the 
norite.  The  actual  margin  is  often  occupied  by  small,  narrow  lakes,  ae  though  th« 
norite  had  decayed  more  rapidly  than  the  granite;  and  at  se\6Ta\  tCivtAB  -TiVet^  "Cvv* 
5m  (hi) 
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norite  Htiil  rises  above  the  general  level  it  is  now  weathering  extraordinarily  fast. 
The  best  instance  La  near  the  dam  at  the  mouth  of  the  creek  drkiniiig  Moose  lake  intc 
the  Onaping,  where  the  spheroidtil  weathering  is  of  a  very  characteristic  kind.  'A9 
rock,  which  is  gray  and  coarse-grained,  ia  irregularly  fiesured  into  blocks  from  2  or 
3  to  SO  feet  across.  The  weathering  takes  place  along  the  fissures,  leaving  moand- 
ahaped  aurfacee  with  channels  between ;  and  may  go  so  far  as  to  leave  rounded  blocki 
resembling  drift  boulders  resting  on  the  decayed  surface,  with  material  like  fine  gravel 
beneath  the  block,  representing  the  products  of  decay.  In  many  cases  the  actual 
margin  of  the  norite  is  not  to  be  seen,  but  Laurentian  rock  rises  to  the  northwest  out 
of  a  lake  or  swamp,  and  norite  to  the  southeast. 

About  four  miles  from  Onaping  along  the  road  just  mentioned  thick  beds  of  gosaan 
lying  against  the  Laurentian  attract  attention  at  the  Tough  and  Stobie  property  and 
teat  pits  show  that  aome  ore  underlies  it,  though  no  norite  is  to  be  seen.  The  Laur- 
entian is  of  the  kind  usual  in  the  region,  granite  running  into  gneiss  and  greatly 
mixed  with  fine-grained  greenstone ;  and  the  ore,  which  consists  of  pyrrhotite,  with  ■ 
little  chalcopyrite,   sinks   beneath  the  surface  of  the  muskes  through   which  the   creek 
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^^HP-Vvi 
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"'  '>^^S 

IBK' ''. 
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Waterfall  over  gneise  west  of  Onaping. 

The  underlying   Laurentian   dips  33^   to   the  southeast,    and  a   little    projection  of 

rock  near  the  top  of  the  slope  seems  to   have  protected  the   ore  \>eiieatb,  which  w  no" 

however  largely  turned  to  gossan.     A  hill  of  norite  rises  a  quarter  of  a  ■»'!«  awaj  bejond 

the  muskeg,  but  none  of  the  rock  is  to  be  seen  where  the  B.t,«\^^i.i^Va^  ^«*^  *^*' 

Lms  than  half  a  mile  farther   along  the  road   there    is     Vx^tK^^  oa»-«o?   °*  ^T^ 
and  or*  like  the  firrti  one,  but  with  a  lower  hill  of  Laure^Wv      ^^'<J»  T^^I  \»«w' 
ft  mall  Uk»  on  the  other  aide.    A  little  beyond  this  lake  -tV^,^^      ^S  "^  ^  toMiA  w 
,  angSNting  an  offset,  and  it  is  said  that  an    o'w^^^V'*  '^'^^'^.^j,    ^ms' 
th*  gruite,  but  ii«  iouud  no  trail  t«  it,      ^ 
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this  apparent  offset  there  is  another  marginal  lake^  and  then  the  route  passes  through 
low  hills  to  what  was  once  called  the  Levack  mine,  in  lots  1  and  2  in  the  fourth  con- 
cession at  the  end  of  the  wagon  road,  about  nine  miles  from  Onaping. 

Here  two  properties,  the  Strathcona  and  the  Stobie  No.  3,  or  Big  Levack  mine, 
have  been  opened  up  by  stripping  and  test  pits,  and  have  been  surveyed  magnetically 
as  shown  by  the  systematically  arranged  survey  pegs. 

Strathcona  Mine 

Mr.  Ernst  A.  Sjostedt,  who  examined  the  Strathcona  property  some  time  ago, 
reports  en  it  as  follows : 

''The  mineral  zone  runs  diagonally  N.  £.  and  8.  W.  across  the  north  half  of  lot 
8  and  south  half  of  lot  4  in  the  fourth  concession  of  Levack  township,  and  is  bounded 
to  the  northwest  by  a  range  of  syenitic  granite,  with  which  it  forms  a  direct  contact, 
and  to  the  southeast  by  a  wide  range  of  norite,  which  Ubually  forms  one  side  of  the 
mineralized  zone  throughout  the  Sudbury  district.  The  largest  body  of  ore  is  shown 
at  the  northeast  end  of  lot  3,  although  the  line  of  magnetic  attraction  is  practically 
continuous  across  both  lots,  and  ore  is  shown  at  various  points  on  lot  4  as  well.  Near 
the  northeast  end  of  lot  3  the  principal  prospecting  work  has  been  done,  a  space  of 
3  or  4  acres  having  been  cleared  of  timber  and  underbrush,  and  in  places  the  formation 
stripped^  exposing  the  capping  and  gossan,  which  generally  reaches  a  depth  of  2  to 
8  feet.  Part  of  the  ore  body  is  here  shown  up  by  a  number  of  cuts  and  pits,  also 
by  two  shafts,  of  which  No.  1  shaft  is  45  feet  deep,  passing  8  feet  through  barren 
cap  rock,  then  through  25  feet  of  mixed  ore,  then  through  12  feet  of  solid  pyrrhotite, 
and  a  10-foot  hole  having  been  drilled  in  the  bottom  of  the  shaft,  showing  clean 
ore  the  entire  distance.  No.  2  shaft  (260  feet  north  of  shaft  No.  1)  is  30  feet  deep, 
6  feet  being  in  cap  rock  and  24  in  solid  pyrrhotite. 

"Pit  A  (320  feet  north  of  shaft  No.  1),  and  pit  D  (40  feet  north  of  pit  A)  show 
ore  within  12  feet  of  the  surface,  and  trench  G,  along  a  low  hill-side  about  midway 
between  pit  A  and  shaft  No.  2,  shows  a  face  of  ore  50  feet  long,  in  the  centre  of  which 
a  pit  was  sunk  through  12  feet  of  solid  ore. 

"From  the  data  furnished  by  the  above  mentioned  pits  and  shafts,  covering  an 
area  of  about  600  feet  in  length  and  width,  the  amount  of  ore  in  sight  on  lot  3  is 
some  60,(X)0  tons,  but  this  includes  an  area  of  less  than  a  tenth  of  the  ground  covered 
by  equally  promising  surface  indications,  consequently  t^iere  is  every  reason  to  expect 
a  much  larger  body.  The  ore  exists  mainly  in  solid  masses  within  a  zone  of  200  to 
600  feet  wide,  and  some  1,400  feet  long. 

Following  are  a  number  of  analyses  of  samples  taken  from  the  above  mentioned 
workings,  which  will  show  the  character  of  the  ore." 


Sample  from 


Sampler. 


«< 
•« 
•( 
II 


D.  C.  Schuler. 


Shaft  No.  1,  8  feet  from  bottom D.  C.  Schuler, 

piece  from  dump  i  E.  A .  Sjoetedt 

2,  fix)m  dump D.  C.  Schuler  . 

25  feet  depth  

piece  from  dump ?•  A.  Sjostedt 

Pit  A,  surface , 

••  B,  surface 

•*  B,  bottom 

*•  C,  surface 

••  C,  trench • 

"  C,  13  ft.  pit , 

•*  D,  low  RTOund , 

Diamond  drill  hole,  near  A,  26  ft  A.  B.  Wilmott 

40  ft i  •• 

Shafts,  all  over  dumps I  R.  H.  Aiken 

Near  norite  wall 
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II 
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Average 

BampleB  taken  bv  Messrs.  Cohen  &  Bradley,  experts  for  J.  R., 
PeLemar,  N .  Y I 


Total  average. 


6.10    I 

's.  40* '!.*;.".;.'; 
1 

4.00         50.4 


5.01 


54.3 


4.71 


52.3 


.57 

1.35 

.70 

2.11 

.14 

.67 

5.47 

1.54 

.83 

1.24 

.28 

.30 

.65 

•  Oo 

2.23 

1.40 

2.43 


1.31 
1.99 


\ 


I.1<S 


2.78 
8.55 
3.85 
3.54 
4.65 
2.24 
2.02 
3.37 
2.40 
3.27 
2.72 
3.21 
3.80 
2.60 
3.15 
1.68 
1.70 


2.97 
2.67 


\ 


*I»^ 


65  Bureau  of  Mines  No.  5 


The  Big  Levack  mine  just  to  the  east  of  the  Strathcona  presents  a  very  irregular 
margin  of  gossan  and  ore  spread  over  Laurentian  hill-slopes  and  sinking  to  the  south- 
east under  muskeg  with  a  dip  of  about  20  degrees  in  some  places,  but  ste^er  in 
others.  Some  norite  is  present  mixed  with  the  ore;  most  of  it,  however,  and  probably 
also  of  the  ore,  has  been  weathered  away,  but  may  perhaps  be  found  b^ieatk  the 
swamp. 

The  sceond  set  of  mines  se^ns  much  more  extensive  than  those  nearer  Onaping. 
Beyond  the  Big  Levack  mine  the  nickel-bearing  eruptive  bends  off  to  the  east  in 
swampy  ground  with  small  lakes,  and  only  one  small  patch  of  gossan  was  observed  on 
its  border. 

Moose  *Lake  Region 

The  acid  edge  of  the  nickel-bearing  eruptive  in  Levack  and  the  northeastern  part 
of  Dowling  is  best  studied  from  Moose  lake,  which  spreads  out  irregularly  over  a 
length  of  three  miles  along  this  margin.  Moose  lake  may  be  reached  by  a  ro«d  run- 
ning northeast  from  Larchwood  to  Joe  Seemo's  farm  on  the  banks  of  the  Onaping 
river  near  its  junction  with  the  Vermilion;  and  then  by  a  trail  leading  through  the 
woods  to  a  bay  on  the  line  between  Levack  and  Dowling  townships.  From  the  river 
to  a  pond  with  no  outlet  near  the  bay  only  drift  is  to  be  seen  on  the  portage,  but 
the  acid  phase  of  the  eruptive  here  shows  itself,  and  practically  the  whole  of  Moose 
lake  is  enclosed  in  it.  The  outlet  of  the  lake  into  the  stream  mentioned  before  as 
joining  Onaping  river  two  miles  north  of  the  station  is  over  the  eruptive,  and  the 
same  rock  is  found  at  various  points  on  the  lake  and  on  the  next  small  lake  to  the 
northeast,  generally  called  Trout  lake,  and  another  to  the  east  of  it. 

The  acid  edge  runs  northeast  and  southwest  as  a  range  of  hilb  often  with  sharp 
minor  ridges,  sloping  to  the  southeast  and  precipitous  to  the  northwest,  resulting  perhaps 
from  faulting  during  the  sinking  of  the  basin,  or  possibly  representing  a  main  direction 
of  joints.  All  the  survey  lines  cross  these  ridges  diagonally.  The  contact  of  the 
nickel-bearing  eruptive,  with  the  tuffs  to  the  southeast  is  often  drift-covered,  and  on 
this  edge  as  well  as  on  the  basic  edge  there  is  frequently  a  valley  or  narrow  lake  in 
this  position.  The  sedimentary  rocks  to  the  southeast  also  form  sharp  ridges  parallel 
to  the  eruptive  ridges,  and  occasionally  a  narrow  hill  consists  of  the  acid  edge  of  the 
eruptive  on  one  side  and  on  the  other  of  tuff. 

The  best  exposure  of  the  contact  between  the  acid  edge  and  the  sediments  found 
in  the  region  occurs  on  the  shore  of  a  pond  a  little  east  of  the  end   of  the  portage 
from  the  south   to  Moose  lake.     This  body  of  water,  unlike  most  others,   cuts  across        J 
the  strike,  and  near  its  outlet  into  Moose  lake  the  edge  of  the  nickel-bearing  eruptive        ^ 
shows  a  reddish-gray  medium-grained  rock,  followed  to  the  southeast  by  coarse  flesh-red 
granite  or  gneiss,   possibly   a  pegmatite  dike.     Then   comes  rock   much  like  the  first 
mentioned,   succeeded   by  conglomerate   with  a   fine-grained   gray   crystalline  base  aiv^ 
granitic-looking  pebbles,   lasting  for  about  120  feet,    doubtless  the  basal   beds  of  \;^ 
sedimentary  series.     Beyond  this  is  coarse  white  quartzite  for  about  70  feet,  and  t^^^^ 
conglomerate  again  for  about  200  feet,  after  which  there  is  a  curious  breccia  of  ^.  ^ 
and  darker  chert  with  some  pebbles  and  boulders  of  granit,e  ior  1,000  feet,  ©v*^^ 
the  same  as  had  been  found  along  the  railway  southeast  of    Ouapii^ft  beneath  the  \S« 

phyro  tuff.  ^^ 

Morgan  Township 

The  basic  edge  of  the  eruptive  crosses  a  small  lake     ixist  east  of  the  7^?^, 

and  enters  Morgan  Township  on  the  fourth  concession     line,  then  turns  a  i         -^»s^- 

of  east  to  Island  river,  which  follows  the  edge  for  more    'tli.an  a  niile,  an  .^^^^^^^^ 

east  once  more  to  the  fifth  concession,  finally    passing   ii^'to    Bowell  -o^t^      ^^^ 
northeast  corner   of    Morgan   township.     The   boundary      may   be  reac  e        ^^;^"*^-^ 

Trout  lake  and  partly  from  a  lumber  road  leading  ov^r     sand  and  9J  ^^    '^^^' 
Cbelmaford  to  a  camp  near  the  junction  of  Island  and     Sand  Cherry 
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:he  region  is,  however,  very  troublesome  from  fallen  timber  and  the  unusually  rugged 
*nd  precipitcus  hills  along  the  contact.  The  best  exposures  seen  are  near  the  lumber 
;amp,  where  a  steep  hill-side  rises  above  Island  river,  having  the  nickel-bearing  erup- 
tive on  its  southern  face  pushing  projections  into  the  Laurentian  rocks  forming  the 
summit.  The  former  rock  is  not  very  gray,  sometimes  even  rather  reddish-looking,  and 
)f  variable  texture,  coarse-grained  and  fine-grained  parts  running  into  one  another, 
uhe  finer  grained  material  sometimes  cementing  blocks  of  Laurentian  rock  into  a 
ireccia.  The  Laurentian,  which  strikes  east  and  west  with  a  vertical  dip,  has  the 
usual  characters  and  consists  of  coarse  gneiss  with  bands  of  gray-green  finer  grained 
naterial,  the  whole  sheared  in  places  into  what  looks  like  felsite.  Near  the  edge  it 
'\s  greatly  broken  as  if  by  the  action  of  the  eruptive  mass  to  the  south.  No  ore  or 
gossan  was  found  from  the  west  edge  of  the  township  to  lot  1  in  the  sixth  concession, 
almost  at  the  northeast  corner,  and  prospectors  have  taken  up  no  locations  between 
bhe  two  points.  Near  a  small  lake  where  the  four  townships,  Foy,  Morgan,  Lumsden 
&nd  Bowell,  meet  there  are  two  patches  of  gossan,  on  which  very  little  work  has  been 
lone. 

The  southern  or  acid  edge  of  the  eruptive  in  this  township  has  the  usual  characters, 
ind  is  in  contact  at  various  points  with  the  basal  conglomerate  so  often  found  below 
the  tuff.  The  eruptive  band  is  at  its  narrowest  about  the  middle  of  Morgan  township, 
tiaving  at  one  place  a  width  of  scarcely  a  mile,  and  there  seems  less  variation  in  char- 
icter  between  the  basic  edge  and  the  central  and  southern  parts  of  the  band  than  it 
is  customary  to  find  in  other  parts  of  the  nickel  range.  Perhaps  this  fact  should  be 
brought  into  connection  with  the  absence  of  ore  referred  to  above.  The  thickness  of 
the  molten  eruptive  may  have  been  insufiBcient  to  provide  any  large  quantity  of  sul- 
phides by  gravitational  segregation. 

In  Bowell  Township 

In  Bowell  township  the  northern  nickel  range  has  long  been   known   through  the 

ork  of  prospectors,  and  a  row  of  locations  has  been  taken  up  beginning  at  the  south- 

9st  corner   and  running   quite   across   the  township,    passing   in  the  third  concession 

to  the  next  township,   Wisner.     About  at  the  centre  of  the  row  of  locations  a  lonrr 

set  branches  toward  the  west,  extending  out  of  Bowell  into  Foy,  and  ending  almost 

ictly  in  the  middle  of  the  latter  township ;   and  the  whole  of  this  ofFest  is  included 

mining  locations  also,  fio  that  there  has   been  more  interest  shown  in  ore   deposits 

his  township  than  in  any  other  on  the  northern  range. 

The    locations    are   best    reached   by   colonization    and    lumber   roads    from    Azilda 

side)  to  Trout  lake  (a   larger  body  of  water  than   the  one  of  the  same  name  in 

in  township).     Crossing  Trout  lake  by  canoe  a  trail  leads  inland  from  its  northern 

!C^  branches  toward  the  southwest,  west  and  northeast.     A  part  of  this  trail  which 

t  out  for  the  use  of  pack-horses  during  the  development  of  some  of  the  properties 

in    good   condition,   but  towards  the  ends   in  each  direction  the  path   is  rough 

c/    to   follow,  especially  where  the  timber  has  been  cut  and  fire  has  run. 

nning   at  the  southwest   corner  of  the  township  the  basic  edge  of  the  nickel- 

vruptive  is  found  a  little  north  of  the  corner  post  of  location  W  D  251,   and 

-a.1   way  the  trail  follows  the  edge,  except  where  hills  or  swamps  turn  it  aside, 

^norainic  Tidp;es  /ijcfe    the  contact.     Gossan   shows  against  the  steep  slopd  of 

itrian  toward   the  northeast  corner  of  the  location,  and   there  is   a  swampy 

,    with  hilh  of  TioritG    to  the  southeast.     Near  the  west  end  of  W  D  241  an 

gossan   and  a  f^^^     pit    along   the   trail   indicate   the   boundary,    and  more 

i«n  toward  the  ^     ^     ^ide  of  the  location,  then  drift  hides  the  contact  until 

reached  inhere  .  .«^iniilar  small  outcrops  of  gossan  and  ore  occur  against 

'Jan.  'V^^ 

fS8    a  m//  ^       projects   northward  from   the   edtt,^,  twtvxCwv^?,  vb^jc*  ^ 

in    locntio,)  Mt^        .37-,    where  there  are  stT\pp\iv?,^  sYv^Vmv^  ^c^ss^xv.    ^V^ 
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valley  is  enclosed  by  steep  and  bare  Laurentian  hills.  A  small  lake  in  location  W  D 
242  and  239  appears  to  represent  the  boundary,  and  Roland  lake  a  little  to  the  north- 
ea^  occupies  the  same  position,  having  Laurentian  on  the  north  and  norite  on  the 
south. 

In  a  general  way  there  is  a  valley  running  along  the  southeast  edge  of  the  Laur- 
entian, which  rises  as  a  very  rugged  range  of  hilk  to  a  height  of  from  200  to  270 
feet,  with  patches  of  ore  along  its  foot.  Southwest  of  the  valley,  which  is  often  occu- 
pied by  a  narrow  lake  or  muskeg,  gray  hills  of  norite  rise  to  about  the  same  height 
as  the  Laurentian. 

In  W  D  35  the  offset  running  to  the  Ross  mine  in  Foy  leaves  the  edge  of  the 
main  range.  In  W  D  36  near  its  northwest  corner  and  probably  extending  into  the 
previous  location  there  is  a  promising  outcrop  of  gossan  and  ore  at  the  edge  of  the 
granite,  but  east  of  this  to  Trout  lake  no  ore  was  observed. 

Offset  to  Ross  Mine 

The  longest  offset  on  the  whole  circumference  of  the  nickel-bearing  eruptive  ex- 
tends for  six  miles  nearly  westwards  frcHn  W  D  36  to  W  R  5,  reaching  what  is  called 
the  Ross  mine,  in  the  exact  centre  of  the  township  of  Foy.  The  path  is  at  first  good, 
but  before  the  west  boundary  of  Bowell  township  is  reached  fire  and  fallen  timber 
and  the  debris  left  by  the  lumbermen  injure  it  greatly,  and  beyond  this  care  is  needed 
in  following  it  even  in  green  timber,  since  it  has  scarcely  been  used  for  a  number  oi 
years  and  the  blazes  are  growing  dim. 

Just  after  turning  off  from  the  main  range  there  is  a  considerable  showing  of 
ore  on  a  hillside,  and  the  adjoining  rock  consists  largely  of  white  plagioclase  crystak 
so  crowded  together  as  to  appear  like  anorthosite.  Small  seams  of  magnetite  occur 
in  this  rock  as  well  as  sulphides.  To  the  northwest  in  W  D  150  a  wide  expanse  of 
gossan  is  exposed  by  stripping  and  numerous  test  pits  extending  nearly  to  Nickel 
lake,  where  there  is  a  log  house  occupied  during  the  development  work.  Turning  west 
the  band  narrows  greatly  and  fine-grained  norite  penetrates  between  blocks  of  coarse- 
grained norite,  of  a  gray  gneissoid  rock,  of  greenstone^  and  of  a  white  rock  with  por- 
phyritic  feldspars,  the  whole  rusty  or  gossan  covered.  The  adjoining  Laurentian  is 
coarse  red  granite,  an  unusual  variety  in  the  region.  On  the  shore  of  the  next  lake 
to  the  west  a  similar  mixture  of  rocks  is  seen,  and  some  gossan  rises  above  the  water. 

From  this  point  to  the  neighborhood  of  Ross  mine  little  ore  or  gossan  was  seen, 
although  the  band  of  norite,  narrowing  and  widening,  seems  to  be  continuous  or  nearly 
so  the  whole  way;  but  somewhat  similar  outcrops  of  gray  rock  rising  through  drift- 
covered  ground  leave  some  doubt  as  to  the  relationships.  Evidently  the  earlv  pros- 
pectors considered  the  whole  length  to  belong  to  the  nickel  ran^e,  or  they  would  not 
have  taken  up  locations  along  it.  The  greatest  width  of  the  offset,  so  far  as  observed, 
is  in  W  D  234,  where  the  rock  seems  to  extend  for  about  500  feet,  but  usually  it  is 
much  narrower,  in  one  case  apparently  only  20  feet. 

Our  exploration  of  the  locations  just  east  of  the  Ross  mine  was  greatly  hindered 
by  the  work  of  a  colony  of  beavers,  which  had  recently  built  a  dam  backing  up  the 
water  for  half  a  mile  or  more  in  various  directions  into  the  flat  wooded  land  along 
the  creek.  W  R  5,  the  original  Ross  mine  location,  includes  two  outcrops  of  ore  and 
gossan  standing  as  usual  against  a  hill-side  of  Laurentian,  and  dipping  under  the 
muskeg  borders  of  a  small  lake;  but  the  amount  of  ore  to  be  seen  is  not  large.  It  is 
reported  to  assay  2.75  per  cent,  of  nickel. ^7  Most  of  the  Laurentian  encountered  along 
this  offset  is  coarse-grained  and  flesh-colored,  but  some  masses  of  gray-green  rock,  in 
general  appearance  not  unlike  the  norite,  are  enclosed  in  it. 


»7  0.  8.  0„  1890.  Part  &•  pp.  4^. 
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5outh   Edge  of   Eruptive 

The  acid  edge  of  the  eruptive  crosses  from  Morgan  township  into  Lumsden  in  the 
fifth  concession^  and  is  fairly  well  exposed  near  the  north  shore  of  a  small  unnamed 
lake  just  north  of  the  Concession  line  in  lot  9,  as  a  gray  rock  weathering  reddish.  The 
neighbcring  sediments  to  the  south  look  like  quartzite  with  pebbles  and  merge  into  tuff, 
and  these  rocks  continue  to  the  northeast  as  a  range  of  high  hilLs,  sinking,  however, 
where  Nelson  river  makes  its  way  through.  Along  thm  valley  gravel  plains  and  morainic 
ridges  conceal  the  rock.  On  the  line  between  lots  6  and  7  to  the  south  of  a  small  lake 
crossing  the  concession  line  between  Lumsden  and  Bowell  the  acid  edge  forms  a  hard 
grey-green  rock,  or  some  other  eruptive  appears  to  intervene  between  it  and  the  sedi- 
ments; but  on  the  town  line  in  lot  5  and  also  in  lot  4  we  find  the  usual  relationships, 
the  granitic-looking  acid  edge  seeming  to  blend  with  a  greatly  metamorphosed  coarse 
conglomerate.  In  places,  if  it  were  not  for  the  coarser  grain  and  different  texture 
of  the  included  pebbles  and  boulders,  the  matrix  of  the  conglomerate  could  not  be 
distinguished  from  the  eruptive,  and  great  care  was  necessary  not  to  overrun  the 
contact  between  the  two  rocks. 

In  location  W  D  252  at  the  southwest  bay  of  Trout  lake  there  is  once  more  a 
fine-grained  dark-green  rock  beti^een  the  eruptive  and  the  tuff,  in  places  very  much 
like  a  basic  eruptive  rock  itself,  but  in  others  charged  with  a  few  pebbles  of  granite, 
and  having  the  characters  of  '^slate  conglomerate.''  In  this  marginal  rock  there  are 
veins  containing  quartz  with  zincblende,  galena  and  a  little  copper  pyrites,  and  at 
onej»oint  a  shaft  has  been  sunk  to  open  up  the  ore.  The  quartz  formed  quite  large 
crystals  before  the  sulphides  were  deposited,  and  on  breaking  the  ore  the  six-sided 
cross  sections  of  the  prisms  arc  well  marked.  No  very  largo  amount  of  oi'e  was  to  be 
seen  and  the  deposit  does  not  seem  to  be  of  great  importance  so  far  as  the  present 
development  work  goes. 

There  is  a  8ma]l  opening  near  a  blacksmith  shop  a  little  east  of  the  east  bay  of 
Trout  lake,  also  on  similar  dark-green  eruptive-looking  rock,  but  even  less  ore  is  to 
be  seen  here  than  in  W  D  2o2.  These  small  ore-bearing  veins  are  found  in  the  adjoin- 
ing sediments  or  in  greenstones  connected  with  them  and  not  in  the  nickel-bearing 
eruptive  itself,  but  the  eruption  of  the  latter  may  have  some  connection  with  the  for- 
mation of  the  deposits. 

A  very  good  section  of  the  contact  of  the  acid  edge  with  the  sediments  is  exposed 
on  a  small  peninsula  projecting  from  the  south  shore  of  Trout  lake  where  the  lumber 
road  reaches  the  water.  Two  or  three  islets  to  the  north  show  the  nickel-bearing 
eruptive  in  its  usual  phase  along  the  southeast  edge,  while  the  peninsula  ends  in  a 
conglomerate  having  apparently  two  kinds  of  matrix,  fine-grained  green  material 
containing  epidote  and  quartz,  and  rather  coarse  reddish  or  grayish  quartzite,  both 
including  many  small  and  large  pebbles  of  granular  quartzite  and  of  granite.  Irreg- 
ular projections  of  the  acid  edge  granite  penetrate  the  conglomerate  for  100  yards 
or  more.  Next  to  the  southeast  is  a  narrow  range  of  precipitous  hills  of  hard  splintery 
cherty-looking  brecciated  rock,  then  comes  a  breccia  of  a  less  cherty  kind,  with,  how- 
ever, a  few  granite  boulders,  probably  the  base  of  the  tuff.  The  section  described  is 
about  1,200  feet  in  length.  Still  farther  to  the  southwest  is  the  usual  tuff,  less  flinty 
and  unaffected  by  the  neighborhood  of  the  eruptive. 

Wisner  Township 

The  basic  edge  of  the  eruptive  runs  almost  due  east  from  the  northern  side  of  lot 
12  to  lot  4  in  the  third  concession  of  the  tewnship  of  Wisner,  and  then  bends  to  the 
southeast  toward  Vermilion  river  and  Norman  township.  The  portion  up  to  lot  4  has 
been  surveyed  as  locations,  but  prospectors  seem  to  have  found  no  ore  along  the  rest 
of  it.  This  part  of  the  nickel  range  is  best  reached  by  lumber  road  to  FT«ivc?Dm!k»:oJ% 
lake  and  then  by  a  canoe  route  te  Joe's  or  Marion  lake  w\i\o\v  cTo^'&e&  W^  Tvv^lL^^i^w«\.^k 
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eruptive  diagonally.  The  tn-o  Frenchman's  lakes  are  in  the  BedinLentar;  roclcs,  tb» 
south  end  being  enclosed  in  the  soft  hiack  slaty  variety  of  the  tuff,  buL  morninic  mater- 
ials hide  the  bed  rock  as  one  CToases  to  Joe's  take. 

The  basic  margin  of  the  nickel- bearing  eruptive  has  the  usual  characters  Dorth  ^ 
Joe's  lake,  the  boundary  to  the  north  being  Laurentian  and  a  swampy  valley  running 
at  its  foot  with  low  hills  of  norite  to  the  south.  Not  much  gossan  or  ore  is  to  be  seen 
in  the  locations  across  this  township,  though  considerable  showings  occur  on  W  D 
16  and  W  H  14  near  the  head  of  the  lake. 

The  acid  edge  is  very  well  shown  on  Joe's  lake,  which  it  crosses  near  the  south 
shore,  and  the  bare  surface  of  the  rock  near  a  small  lake  to  the  southwest  gives  an 
uninterrupted  section  across  the  boundary.  The  edge  of  the  eruptive  is  granitic-look- 
ing and  seems  to  blend  into  a  conglomerate  with  a  fine-grained  crystalline  ground-mass 
which  might  be  taken  for  granite  containing  small  und  large  boulders  of  granite,  often 
with  vague  edges.    Tbis  conglomerate  is  penetrated  hy  indistinctly  bounded  projecti<His 


from  tilt'  eruptive,  and  .si-iius  to  have  boeii  greatly  re-cry stalliied  in  consuiuciicp  of  its 
presence.  Aliniit  3(iU  feet  to  the  south  the  conglomerate  has  a  ground-mass  n-ggestiag 
arkosp  or  (|;  art;  ite  with  a  few  pebbles  of  granite,  and  this  dips  beneath  the  smail  l'^- 

A  parallel  section  on  the  shore  of  Joe's  lake  shows  a  similar  congloroev.^  loUowtd 
by  breciia-like  tuff  at  a  distance  of  400  feet  south  of  the  acid  edge,  but  *i  ^^i««  '** 
of  a  fine-grained  green-gray  rock  without  pebbles  between.  ^ 

The  eastern   side  of   Wisner   township   is   most  easily  reached  irow  \«A» 

river  near  Dawt-on,  and  a  canoe  route  leads  across  from  the  sa^yj^^  ¥ts^-%^^\% 
to  this  point.  The  rock  showing  between  the  two  lakes  is  mair^Vj  l^^,  >-  «f  ^\^ 
wmt  of  Dawson  a  large  dike  of  diabase  tises  beside  the  trail,  I^ ^-^^v* '^ "^^X    C^  ^^^ 
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of  a  dike  found  by  Mr.  Culbert  on  Onwatin  lake  about  two  miles  southeast.  Near 
Dawson  gravel  plains  and  mufikegs  cover  the  rock  along  Vermilion  river,  but  the  norite 
forming  the  northern  edge  of  the  eruptive  is  found  rising  as  hills  a  mile  west  of  the 
upper  end  of  Bronson  lake,  near  a  small  lake  at  the  corner  of  lots  3  and  4  in  the  fourth 
concession  of  Wisner  township.  At  the  boundary  the  norite  leans  against  a  Lauren- 
tian  hill,  but  no  ore  or  gossan  was  to  be  seen;  and  similar  relationships  are  found 
to  the  northeast  towards  Vermilion  river^  but  gravel  terraces  hide  the  rock  nearer 
the  river. 

Near  the  head  of  Bass  lake,  the  next  expansion  of  Vermilion  river  south  of 
Bronson  lake,  the  acid  edge  shows  itself  with  the  usual  metamorphosed  conglomerate 
to  the  south,  here  having  a  width  of  800  feet  before  the  tu£E  is  encountered. 

Norman  and  Capreol 

The  boundaries  of  the  nickel-bearing  eruptive  in  these  townships  were  mainly 
fixed  by  my  assistant,  Mr.  Culbert,  and  the  following  account  is  given  in  his  own 
words: 

**The  northern  nickel  range  makes  a  sharp  turn  in  the  township  of  Norman,  its 
outcrop  there  assuming  a  southward  direction.  In  the  northern  concessions  of  Capreol 
township  another  change  in  direction  is  found,  the  strike  being  northwest  and  south- 
east to  Massey  creek  as  far  as  it  was  followed.  ^  The  line  of  outcrop  of  the  basic  edge, 
owing  to  its  comparatively  rapid  weathering,  determines  the  position  of  a  narrow 
valley  from^  the  Whistle  property  to  Mast^ey  creek.  This  valley  widens  in  many  places, 
often  containing  lakes  which  conform  to  the  strike  of  the  eruptive.  Examples  are  lake^ 
Selwyn,  Waddell,  Ella  and  Clear. 

''The  basic  phase  along  this  part  of  its  outcrop  resembles  the  norite  of  the  northern 
range,  beinjs  a  light  mettled  gray  and  is  comparatively  narrow.  Darker  phases  occui 
in  spots  and, resemble  the  rock  at  the  Blezard  mine,  but  the  few  small  patches  found 
near  Moose  lake  are  easily  overlooked.  Many  peculiar  contact  varieties  are  found, 
such  as  the  poikilitic  kind  near  the  Blue  lake  ore  deposit,  which  to  the  eye  appears 
quite  coarsely  granular,  but  is  found  under  the  microscope  to  consist  of  large  aggregates 
of  feldspar  optically  continuous  with  inclusions  of  bi-silicates.  The  transition  to  the 
micrographic  phase  takes  place  within  a  short  distance,  and  the  total  width  of  outcrop 
ol  the  eruptive  is  not  great  in  the  townships  of  Norman  and  Capreol,  being  less  than 
two  miles  as  a  rule.  The  micropegmatite  is  of  the  usual  flesh-rolored  rather  coarse- 
grained variety  found  in  the  northern  range  and  corresponds  in  mineralogical  com- 
position. 

**0n  the  east  side  the  eruptive  is  in  contact  with  Laurentian  granite  and  gneiss. 
The  granite  is  pinkish-red,  with  abundant  quartz  and  few  of  the  dark  minerals  lii 
places  where  the  acid  magma  has  not  incorporated  inclusions  and  masses  of  earlier 
rocks.  In  many  parts  hornblende  porphyrites  and  green  schists  occur,  often  running 
out  in  basic  bands  into  the  acid  material  and  forming  gneiss,  or  again  occurring  %s 
immense  blocks  or  large  masses  of  considerable  area,  which  the  action  of  the  erupted 
material  failed  to  shatter.  A  large  mass  of  this  kind  occurs  half  a  mile  south  of  Moose 
lake  near  the  small  marsh  on  the  road  to  Blue  lake. 

"The  acid  phase  to  the  west  comes  in  contact  with  the  usual  conglomerate,  highly 
indurated  with  well-rounded  pebbles  and  boulders  of  granite,  greenstone,  schist  and 
c^uartzite.  On  passing  westward  this  rock  becomes  softer  and  tufaceous,  with  no  large 
iDoulders  showing. 

''A  large  diabase  dike  of  great  width,  in  some  places  a  few  hundred  paces,  was 
^ound  in  the  valley  of  Massey  creek  on  the  boundary  of  Capreol  and  Maclennan  town- 
ships in  the  third  concession.  It  also  outcrops  on  lot  5  in  the  fourth  concession  of 
^apreol  on  the  shore  of  the  small  lake  on  the  line  between  lots  6  and  6.  This  's 
-Tobably  the  same  dike  that  crosses  lake  Onwatin  and  which  appears  on  lot  8  in  the 
^^cond  concession  of  Wisner  near  the  southwest  post,  the  outcrops  all  being  in  i 
^  ^btIv  straight  line.    The  rock  has  a  distinct  green  color  due  to  a  considerable  content 


'berever  the  contact   between    the   norite  and   the    Laurentian    appears   on  the 
fac^  indications  of  ore  are  found,  either  in  thin  patches  of  gossan   or  outcrops  yf 
0      hodi^^'  Sulphide  particles  can  be   found   on   the   contact   wherever  the   rock    's 

^^^  A    ^^^  ^he  red  gossan   product  is  present  along  its  entire  length  in  the  townships 
t^^ja^^^  ^^'^^ilinapitae.     The  more  important  outcrops  of  ore  occur  near  Blue  lake  and 
^£'4r  ^/  ^^    ''ear  the  small   Moose  lake.     On  the  shore  of  Blue  lake  tVve  ^\«.Tcv«tv^  ^^"^ 
^^^    <^^    ^-H^  existence  of  a  body  of  ore  of  some  size.     T\ve  owVeto^  xv^vc  '^ciofefe  \^^^» 
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bkows  a  band  of  ore  following  the  contact  and  varying  in  width  from  two  to  six  feet 
of  fairly  good  sulphides.  In  the  test  pits  this  ore  appears  rather  lean,  being  mixed 
with  some  of  the  mother  magma,  but  the  proposition  looks  promising,  having  in  viev 
the  improvement  of  transportation  facilities.  Further  north,  strong  local  attractions 
are  found  on  the  north  end  of  Ella  lake  near  the  west  side  of  \VR  2,  but  no  teat  pits 
have  been  opened  to  prove  the  existence  of  an  ore  body.  The  east  side  of  Clear  Uke 
near  the  shore  shows  a  few  test  pits  with  ore  and  a  considerable  extent  of  gossan." 

The  Whistle  Property 

A  canoe  route  leads  from  Blue  lake  to  the  Whistle  prc^perty,  passing  through  the 
northeast  end  of  Capreol  township  by  Clear  lake  and  Trout  lake  to  Waddell  lake  and 
Selwyn  lake  in  Norman  township.  The  Whistle  property  is  on  lots  6  in  the  fourth  and 
fifth  concessions;  and  has  been  opened  up  by  stripping  and  test  pitting,  showing  an 
extraordinary  extent  of  gossan  surface,  about  half  a  mile  in  length,  from  southeast  to 
northwest,  and  250  yeards  wide  at  the  widest  place.  So  far  as  extent  of  goesan  is  con- 
cerned, this  seems  to  be  the  largest  exposure  of  ore  in  the  district.  The  hill  on  whidi 
the  stripping  has  been  done  rises  230  feet  above  the  valley  of  McConnell  creek  to  the 
southwest. 

The  norite  in  connection  with  the  ore  on  this  property  is  very  fine-grained  and 
mixed  witH  fragmente  of  other  rock,  almost  forming  a  conglomerate  with  a  matrix 
of  norite.  It  seems  to  be  broken  or  crossed  by  some  dikes  of  granite  and  patches  of 
greenstone  ;  and  the  adjoining  rocks  are  granite,  often  pegmatitic.  and  greenstone; 
these  two  rocks  enclosing  the  gossan  hill  on  three  sides,  southeast,  ncurtheast  and  north- 
west. Here  we  find  a  large  ore  deposit  caught  in  a  sharp  angle  where  the  gabbro 
pushes  into  tne  neighboring  rock,  as  happens  so  often  elsewhere. 

The  ores  of  the  Blue  lake  region  are  like  those  of  other  parts  of  the  district  in 
most  respects,  though  the  pyrrhotite  is  apparently  more  magnetic  than  elsewhere. 
Masses  of  the  ore  near  Blue  lake  are  fairly  strong  natural  magnets,  readily  attracting 
the  compass  needle  and  holding  iron  filings,  but  they  are,  of  course,  far  surpasesd  in 
this  respect  by  magnetite.     Some  octahedra  of  pyrite  are  found  in  the  pyrrhotite. 

The  string  of  small  lakes  mentioned  above  follows  in  a  general  way  the  bafiic  edge 
of  the  nickel-bearing  eruptive,  as  if  that  were  most  easily  acted  on  by  weather,  and 
their  western  shores  often  consist  of  bluffs  of  reddish,  syenitic-looking  rock,  the  more 
acid  and  also  more  resistant  phase  of  the  eruptive. 

Leavinlg  the  Whistle  property  going  westward  the  contact  is  found  forty  paces 
north  of  the  northwest  corner  post  of  lot  7  in  the  fourth  concession  ot  Norman.  The 
ground  succeeding  is  low  and  drift-covered  for  nearly  a  mile,  with  no  outcrops  of  the 
basic  edge  till  near  the  line  between  lots  9  and  10,  where  the  contact  shpws  with  t 
test  pit  and  gossan  210  paces  south  of  the  northwest  corn^-  post  of  lot  9  in  the  fourth 
concession.  To  the  west  this  outcrop  is  followed  to  low  ground  again  with  gravel 
deposits,  but  the  norite  outcrops  south  of  the  northwest  comer  post  of  lot  10  in  the 
fourth  concession  at  410  paces.  On  following  the  uncut  line  half  a  mile  to  the  west 
between  lots  11  and  12  north  from  the  post  at  the  south  boundary  of  the  fourth  con- 
cession a  small  test  pit  in  a  body  of  ore  was  encountered  at  1,940  paces.  The  Lan- 
rentian  here  contains  good-sised  bands  of  green  hornblende  schist  like  that  which 
accompanies  the  Button  magnetic  ore  deposits.  The  Laurentian  was  also  found  1,010 
paces  north  of  where  the  boundary  of  Wisner  and  Norman  crosses  the  Vermilion  river 
in  concession  four. 

The  acid  edge  of  the  eruptive  was  traced  southward  through  Norman  and  Capreol 
to  the  sand  and  gravel  plains  which  hide  the  bed  rock  in  Garson  township ;  and  the 
relationship  of  the  eruptive  to  the  overlying  sediments  was  the  same  as  has  been 
described  in  other  townships.  A  good  exi>osure  of  the  contact  is  seen  on  the  road 
oorth  from  Dawson  toward  Moose  mountain,  where,  as  one  advances,  tke  tuff  takes 
on  the  character  of  conglomeratA,  and  \.\v«Ti  ol  V^oMVdftT  conglomerate  with  a  feltitic 
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ground-mass  before  the  edge  of  the  eruptive  is  reached.  In  general,  the  ridges  of  tuff 
and  conglomerate,  as  well  as  of  the  eruptive,  run  north  and  south  at  this  eastern  end 
of  the  range,  evidently  conforming  here  as  everywhere  else  to  the  direction  of  the 
line  of  contact,  showing  a  close  relation  between  the  dips  and  strikes  of  the  overlying 
sediments  and  the  line  of  outcrop  of  the  basin-shaped  eruptive  sheet. 

No  ore  deposits  are  known  on  the  acid  edge  at  this  end  of  the  nickel  belt,  but  a 
so-called  nickel  mine  was  found  not  long  ago  at  the  east  end  of  Onwatin  lake  in  black 
slate.    Two  openings  made  here  show  only  iron  pyrites. 

South  of  the  Blue  lake  region  the  wide  gravel  plains  referred  to  in  the  account 
of  the  northeast  end  of  the  southern  nickel  range  intervene  between  the  two  ranges 
for  about  two  miles,  leaving  the  exact  boundary  at  this  point  somewhat  doubtful.  On 
the  map  the  boundaries  have  been  connected  in  what  seemed  the  most  probable  way. 

The  detailed  account  given  in  the  foregoing  pages,  showing  the  continuity  of  the 
foaeic  and  acid  edges  of  the  nickel  eruptive  round  the  whole  basin,  and  connecting  up 
what  were  formerly  spoken  of  as  the  main,  or  southern,  range,  and  the  northern  range, 
make  it  clear  that  we  have  to  do  with  a  single  sheet  of  eruptive  rock,  everywhere 
dipping  inwards.  This  was  originally  buried  under  thick  sedimentary  rocks,  butyls 
now  exposed  all  round  the  edge  by  their  weathering  and  destruction,  laying  bare  the 
eruptive  sheet  which  had  slowly  cooled  beneath  them. 

OTHER  NORITE  OR  QABBRO  MASSES 

In  addition  to  the  great  nickel-bearing  laccolithic  sheet  which  has  just  been  des- 
cribed, there  are  numerous  other  outcrops  of  norite  or  gabbro,  or  of  greenstone 
probably  resulting  from  the  alteration  of  gabbro,  in  the  district,  many  of  them  having 
been  mapped  by  Dr.  Bell  and  colored  in  the  same  way  as  the  nickel-eruptive.  Most 
of  these  basic  eruptive  masses  are  elongated  parallel  to  the  strike  of  the  adjoining 
rocks,  which  is  in  general  parallel  to  the  edge  of  the  nickel-bearing  eruptive,  and  in 
many  cases  small  pockets  of  pyrrhotite  and  chalcopyrite  occur  in  them,  but  always 
lower  in  nickel  than  the  deposits  of  the  main  nickel  range,  and  up  to  the  present  of 
no  practical  importance.  The  bands  or  bosses  of  gabbro  in  question  are  probably  all 
later  in  age  than  the  enclosing  Huronian  rocks;  but  there  are  also  greenstones  closely 
connected  with  much  altered  parts  of  the  Huronian  sediments,  which  seem  to  be  of 
the  same  age. 

What  relation  the  isolated  gabbro  areas  have  to  the  nickel-bearing  eurptive  is 
uncertain,  though  they  appear  generally  to  be  older  than  the  nickel  rock.  Possibly 
they  represent  earlier  eruptions  from  the  same  magma  before  differentiation  had  gone 
far,  or  possibly  they  are  segregations  from  the  magma  of  a  medium  acidity  practically 
free  from  the  sulphides.  In  many  respects  they  differ  greatly  from  the  nickel  eruptive, 
such  as  the  lack  of  ore  and  of  a  differentiation  into  acid  and  basic  phases  on  any  large 
and  regular  scale.  Until  more  time  has  been  devoted  to  them  their  character  in  many 
points  must  remain  doubtful. 

Gabbros  of  the  kind  mentioned  occur  from  Falconbridge  township  southwest  to 
Nairn  township,  and  locations  for  nickel  have  been  taken  up  on  many  of  them,  but 
without  important  results  up  to  the  present.  They  are  confined  to  the  Huronian 
region  south  and  southwest  of  the  main  nickel  range,  none  being  known  from  the 
Laurentian  areas  to  the  north  and  northwest  or  to  the  southeast. 

To  give  an  idea  of  these  rocks  the  best  known  area,  lying  to  the  ea^t  and  south  of 
Sudbury  will  be  described. 

The  Sudbury  Qabbro  Area 

Just  to  the  east  of  the  town  of  Sudbury,  beyond  the  creek,  an  irregular  mass  of 
hills  cut  by  some  ravines  and  embayments,  rises  to  a  height  of  over  200  feet,  ha.yvcL^ 
an  area  of  about  four  square  miles,  and  sending  a  tongue  &ve  xcvWe^  %o\3^)[ie«^\.  ^^tl^i^ 


Bureau  of  Mines 


tli«  northwest  ehore  of  Kelly  l&ke.  The  rock  u  gabbro,  usually  much  irckthered,  and 
wherever  the  adjoining  Huronian  sedimentB  are  found  in  contact  vitfa  it  along  the 
edges  they  are  tilted  up  to  the  vertical  or  even  alightl;  overturned,  so  that  the 
eruptive  is  clearly  later  than  the  Huronian.  On  the  west  and  north  of  the  mftin  ar«> 
and  along  the  northwest  side  of  the  Kelly  lake  extension  the  adjoiaiiie  rock  is  well 
strati&ed  graywacke  with  slaty  layers;  on  the  south  so  far  as  known  tbe  sedimatt 
are  grsywacke  conglomerate  later  in  age  than  the  former  rocks.  The  eaist  side  of 
the  eruptive  mass  has  not  been  studied  in  any  detail. 

The  laccolithic  relationship  of  this  mass  is  pretty  certain,  hat  its  form  is  nry 
irregular,  and  there  may  really  have  heen  a  BncceBsion  of  laccolithic  flows  instep  of 
a  single  sustained  iiniption  of  magma  into  the  sediments.  While  the  whole  mags  wu 
probably  domed  over  with  sedimentary  rocks  in  the  b^inning,  there  are  now  rerj  fcsr 
remnants  of  them  left  except  some  stretches  which  rise  well  up  on  the  flanla  of  tht 
hills  but  do  not  reach  the  top. 

Kar  the  greater  part  of  the  rock  is  a  greenish  gray  gabbro  in  which  the  pyroxenes 
have  mostly  weathered  to  hornblende,  though  one  apecimen  provea  to  be  norile.  d 
a  qnite  different  kind  from  the  norite  of  the  nickel  eruptive.  It  h»a  not  the  dark 
color,  the  blue  blebs  of  quarts,  nor  the  mica  which  characterise  the  nickal  range  norila, 
it  is  never  "pockmarked"  with  rusty  holes  from  which  ore  has  weathered,  nor  has  it 
gossan  or  deposits  of  ore  around  the  edge ;  though  a  few  small  outcrop*  of  ore  oecar 
away  from  the  edge.  It  shows  no  tendency  to  have  one  side  acid  and  the  other  basic, 
though  there  are  large  acid  s^regations  in  many  places  on  top  of  the  range  of  hilb 
near  the  centre.  If  the  band  is  laccolithic,  as  it  appears  to  be,  and  similar  to  the 
main  range,  the  acid  portion  should  be  at  the  top.  with  gradations  to  »  basic  partial 
with  ore  at  the  bottom.  The  latter  part  may  be  hidden  below  the  sarface,  and  thi 
acid  segregations  on  the  tops  of  the  hilb  may  correspond  to  the  a«d  edge  of  iha  nkU 
eruptive,  though  very  different  from  it  in  character. 

The  acid  segregations  are  very  curious,  sometimes  having  the  look  of  gi2an& 
concretions  with  a  ring  of  green  hornblende  round  the  edge,  fc^owed  by  whit«  plagifr 
dase.  which  may  become  pegmatitic,  and  finally  enclosing  more  or  less  qnarta,  tb* 
whole  mass  being  from  a  few  feet  to  50  yards  in  diameter.  The  hornblende  crystah 
are  often  several  inches  long,  blade-like,  and  in  cross  section  may  have  in  the  intaricr 
a  negative  crystal  form  filled  with  plagioclase  or  some  other  white  miner»l.  Good 
examples  of  the  segregations  are  found  on  various  bill  tops  east  of  Sudbury  and  h* 
half  a  mile  or  more  along  the  top  of  the  ridge  near  Kelly  lake.  In  the  latter  regioB 
they  follow  a  general  direction  along  the  centre  of  the  range  of  hills,  though  tbs 
masses  of  white  minerals  are  not  connected.  The  largest  known  south  of  Copper  CIHF 
is  used  as  a  source  of  quartz  for  converter  linings,  and  already  a  great  many  ten* 
of  nearly  pure  quartz  have  been  quarried  from  its  centre,  leaving  the  more  febpatbic 
portions  as  the  walls  of  the  pit.  with  an  outer  rim  of  hornblende,  the  line  of  mixture 
forming   the  rock  sometimes   called  malchite. 

It  is  possible  that  these  areas  of  plagioclase  and  quartz  represent  masses  of  quart*- 
it'.'  eiidoied  in  the  gabbro  and  completely  re-crystalli7.ed.  though  there  is  no  dir«t 
evidence  of  this.  They  seem  to  be  analogous  to  the  malchite  masses  with  hnri-h'"  '^ 
crystals,  white  plagioclase  and  some  quartz  along  the  e^e  of  the  main  nickel  ransw 
at  Murray  and  Elsie  mines;  and  the  same  cause  must  have  produced  them  in  each 
case.  As  the  examples  from  Murray  mine  clearly  hare  nothing  to  do  with  the  acid 
edge  of  the  eruptive,  which  is  four  miles  away,  we  must  conclude  that  the  muck 
larger  row  of  white  segregations  in  the  Sudbury  laccolith  are  probably  not  the  equi- 
valent o[  the  acid  phase  of  the  nickel  eruptive. 

Beginning  at  the  north  end  of  the  Sudbury  laccolithic  band  where  the  mgged  UU 
sinks  northwards  into  a  swamp  followed  by  the  creek  in  concession  V  of  McKim.  ■* 
find  a  rim  of  quartzite  or  graywack^  with  seams  of  slaty  material  running  all  aloi« 
tin  A«i>k  of  the  bill  und  havina  a  rtT\V«  oi  WP  ■»:*&  ■o.«*tls  vertical  dip.     Passing  '" 
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the  west  and  sauthwest  the  hill  slope  on  the  line  between  concesaiona  IV  and  V  shows 
quartsite  or  grajrwack^  tilted  ronnd  so  as  to  have  a  strike  of  100"  with  a  dip  of  80° 
to  the  north ;  but  there  has  been  great  disturbance  here,  blocks  of  the  sedimentarr 
rock  being  carried  o9  by  the  gabbro.  Farther  to  the  southwest  the  sediments  lean 
against  the  gabbro  in  a  more  normal  way,  with  a  strike  of  30°  and  steep  dip  beneath 
t&e  eruptive;  and  juct  east  of  Sudbury  the  same  relation  is  found,  except  that  the  dip 
ia  70°  or  80"  to  the  east,  i.e.  under  the  laccolith,  the  eruptive  growing  finer  grained 
against  the  quartzite. 

A  little  to  the  south  near  the  corner  between  lot«  4  and  S.  cons.  Ill  and  IT,  a 
wedge  of  the  sedimentary  rock  runs  a  little  north  of  east  for  nearly  a  quarter  of  a 
mile  before  it  feathers  out  on  top  of  the  gabbro.  Still  to  the  south  a  valley  runs  into 
the  hills  in   the  same  direction,  perhaps  weathored  out  of  the  sediments,  though  drift 
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covers  the  solid  rock.  To  the  south  ol  the  valley  the  gabbro  shows  no  rim  of  quartnite, 
and  near  the  Canadian  Pacific  railway  it  seems  nearly  cut  off  from  the  long  band 
running  towards  Kelly  lake,  quartzite  being  exposed  considerably  to  the  east,  though 
not  seen  in  contact  with  the  eruptive. 

The  relations  on  the  east  side  of  the  gabbro  area  have  not  been  studied ;  on  the 
south  we  find  graywacke  conglomerate  later  in  age  than  the  quartzite  for  the  most 
part,  but  cut  by  the  gabbro.  Some  strips  of  quartzite  occur,  however,  north  of  Ram- 
•ay  lake  and  the  railway  against  the  gabbro  or  upon  its  southward  slope,  one  auch 
■trip  only  ten  feet  wide  running  for  some  distance  in  a  direction  of  N.  25°.  The 
contact  with  the  graywacke  conglomerate  and  patches  of  quartzite  along  the  aouth 
side  toward  Ramsay  lake  is  somewhat  confused,  blocks  of  the  sedimentary  rocks  being 
enclqped  in  the  gabbro  for  100  or  even  200  feet  from  the  edge^  and  a  band  of  conglom- 
erate runs  for  nearly  a  mile,  with  very  irregular  boundaries,  between  \>ie.  "maxti  thw* 
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of  gabbro  and  a  narrow  southern  row  of  gabbro  hills.  As  this  has  weathered  faster 
than  the  eruptive,  it  has  been  made  use  of  for  the  road  between  Sudburj  and  Wih- 
napitae. 

The  long  band  of  gabbro  running  towards  Kelly  lake  hjas  reUtionfi  to  the  qnartsite 
much  like  those  nearer  Sudbury.  The  strike  is  about  60^  or  70^  and  the  eedimentarj 
rockfi  rise  along  the  northwestern  flank  of  the  hills  as  a  fringe  having  with  local  varii- 
tions  the  same  strike,  but  being  in  many  cases  brecciated  at  the  very  edge.  On  tli« 
southeast  of  the  ridge  only  the  shore  of  Kelly  lake  has  been  studied,  and  here  Htu 
gabbro  runs  beneath  the  water  in  most  places,  though  quartsite  or  conglomerate  occur 
at  two  points  and  are  found  against  the  edge  farther  northeast. 

Ore  occurs  at  two  points  at  least  in  this  band  of  gabbro,  one  east  of  Sudbury,  tbe 
other  half  way  between  Sudbury  and  Copper  Cliff.  The  Sudbury  deposit  occurs  con- 
nected with  one  of  the  segregations  of  white  plagioclase  and  quarts  a  little  north  of 
the  water  tank,  where  a  small  test  pit  shows  rusty  rock,  copper  pyrites  and  pyrrhotite 
with  some  quartz;  but  the  amount  of  ore  seems  insignificant. 

The  other  outcrop  is  on  the  iitrth  half  of  lot  6,  con.  II,  McKim,  near  the  middle 
of  the  gabbro  band,  where  there  is  a  considerable  stretch  of  gossany  surfaoe  contain- 
ing a  pocket  of  pyrrhotite  with  some  copper  pyrites,  opened  up  by  a  test  pit  twenty 
feet  long  and  five  feet  wide.  Though  larger  than  the  other  deposit,  this  too  is  of  no 
economic  importance  so  far  as  can  be  seen  from  the  exposure.  Anotiier  test  pit  is  said 
to  have  been  deep  enough  to  require  a  ladder,  but  my  guide  was  not  able  to  shov 
me  it 

Since  many  strippings  and  small  prospect  pits  have  been  opened  on  these  outside 
gabbro  bands  with  no  valuable  results  up  to  the  present,  we  must  suppose  either  that 
the  amount  of  magma  in  them  was  too  small  to  provide  a  workable  body  of  ore  by 
segregation,  or  that  the  ore  is  at  too  great  a  depth  to  be  visible  on  tbe  snrfaoe. 

Smaller  gabbro  areas  south  of  Ramsay  lake  and  in  the  neighborhood  of  Nairn 
Centre  have  been  taken  up  as  nickel  locations,  and  have  been  proved  to  contain  some 
pjrrrhotite,  but  the  amount  is  too  trifling  and  the  grade  of  the  ore  too  low  to  make 
them  of  value. 

Older  Norite  and  Greenstones 

Along  much  of  the  southern  nickel  range  and  lit  a  few  points  on  the  northern  range 
an  extraordinary  mixture  of  green    or    gray    rocks   occurs,    appar^itly    having  some 
relationship  to  the  nickel-bearing  eruptive.    Though  it  has  been  referred  to  from  point 
to  point  in  the  discussion  of  the  basic  edge  of  the  main  range,   it  should  be  briefly 
taken  up  as  a  whole.    Much  of  this  rock  has  been  lava  flows,  as  shown  by  tbe  "pillow" 
and   amygdaloidal   structures  frequently  mentioned  in  previous  parts  of   this   report 
The  pillow  structure  is  supposed  to  be  due  to  dragging  or  rolling  of  still  viscid  lart; 
though  it  might  be  explained  perhaps,   in  some  cases  at  least,  as  formed  of  bombs. 
The  pillows  are  of  all  sizes  up  to  five  or  six  feet  in  diameter,   and  show  irregnler 
rounded  forms,  apparently  somewhat  squeezed  together,  perhaps  merely  by  their  own 
weight.     They  are,   however,  separated  by  a  narrow  band   of  seemingly  stmcturelea 
green   material,  usually  much   finer-grained   than  the   rock  of  the  pillows    themselTes. 
The  middle  of  the  pillow  is  generally  of   dark   or  light   gray   fine-grained   material, 
sometimes  unchanged  norite  made    of    plagioclase  and    hypersthene,   at   others  meta- 
morphosed to  a  confused  hornblendic  rock.    This  merges  into  a  speckled  band  contain- 
ing many  white  spots  suggesting  amygdaloids,  the  spots  being  specially  crowded  against 
the  edge,  as  if  steam  could  expand  near  the  outside  of  a  still  viscia  mass  of  lava  bnt 
was  unable  to  do  so  in  the  middle,  or  as  if  the  steam  bubbles  pushed  in  all 
toward  the  outside,  but  could  not  escape  through  a  cold  outer  film* 

The  fine-grained  green  band  which  separates  the  pillows  thickens  to  fill  the 
a^  some  points,  but  at  others  there  are  white  and  green  strips  developed  in  the  pder 
spaces  with  hornblende  crystals,  etc.    Is  this  intermediate  material  aaVk? 
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klso  some  undoubted  sediments,  graywack^  of  a  qaartsitic  kind,  enclosed  in  th«  oc 
plen  of  the  greenstones  and  older  norite  too  intimately  mixed  with  them  to  be  separattd 
in  mapping. 

This  group  of  rocks  is  of  a  t-ery  resistant  nature  and  commoul;  stands  up  along 
the  low  basic  edge  of  the  southern  nickel  range,  as  rugged  hills,  sometimes  in  ft  □ftiTO> 
belt  but  occasionally  a  mile  in   width. 

DISTRIBUTION   OF  OtDER    NORITE   AND   GREENSTONE 

The  older  norite  ifi  easily  distinguished  from  the  norite  of  the  basic  edge  of  tbe 
nickel-bearing  eruptive,  being  much  finer-grained  and  more  basic  in  character,  bat 
it  is  very  difficult  and  often  impossible  to  separate  it  from  the  greenstone  into  whicb 
it  is  transformed  by  the  development  of  hornblende  in  place  of  the  pyroxenes.  Where 
any  of  the  unchanged   norite   remains  there  is  no  difficui.y   in  niapping  it   along  with 


Weathering  of  Xorite,  Manitoulin  and  North  Shore  Ry. 

the  products  of  its  alteration  ;  but  where  all  trace  of  the  norite  and  of  the  pillow  ui 
amygdaloidal  structures  have  vanished,  it  becomes  doubtful  whether  the  rock  tbcmld 
be  classed  with  the  older  norite  or  not,  since  there  arc  numerous  bands  of  greenitoiw 
and  hornblende  porphyrite  with  considerable  quartz  in  their  constitution  that  prcbtUr 
have  no  relation  to  an  original  norite. 

In  this  account  of  the  distribution  only  greenstone  found  connected  witk  i 
01  with  pillow  lara  will  be  considered  to  belong  to  the  series.  They  have  been  t 
with  some  care  along  the  nickel  range,  but  have  not  always  been  mapped  to  tht  K 
so  that  the  width  of  the  band  is  often  uncertain:  and  they  have  not  been  lootai' 
at  all  at  a  distance  from  the  nickel  range,  so  that  other  areas  may  exist  in  tAe  d: 
not  distinguished  from   the  common  greenstones  and  green  BchiRts. 

Beginning  at  the  west  end  of  the  nickel  range,  there  are  fine-grai^j^  oorH__ 
mixed  with  various  greenstones  as  if  the  matrix  of  a  crush  c«m\om«^^^ft 
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mine,  but  it  is  doubtful  if  the  hill  should  be  classed  with  the  older  norite  since  the 
typical  structures  have  not  been  observed;  and  the  same  may  be  said  of  greenstones 
occurring  at  the  Chicago  and  Victoria  mines  as  well  as  the  Vermilion. 

We  come  to  undoubted  older  norite  first  in  the  vicinity  of  the  Gertrude  mine  in 
the  southeast  corner  of  Creighton  township,  where  this  rock  mixed  with  greenfitone 
runs  from  west  of  the  compressor  plant  to  a  point  near  the  railway  station,  a  distance 
of  one-third  of  a  mile,  with  a  breadth  of  several  hundred  yards.  Whether  the  green- 
stone which  extends  widely  to  the  south  belongs  to  it  is  uncertain,  and  the  greenstones 
along  the  Manitoulin  and  North  Shore  railway  to  the  east  also  are  doubtful ;  but  just 
to  the  east  of  the  Gertrude  proeprty,  where  the  margin  of  the  basic  edge  bends  north- 
ward there  is  a  half  mile  of  greenstone  mixed  with  older  norite  to  the  north  of  the 
railway. 

At  Creighton  granitoid  gneiss  cuts  out  almost  the  whole  of  the  greenstone  series, 
and  no  older  norite  has  been  found  between  this  and  North  Star,  where  a  small  strip 
lies  just  south  of  the  nickel  range.  The  rock  is  chiefly  granitoid  gneiss  and  granite 
with  little  greenstone,  between  North  Star  and  the  great  Ccpper  CliflF  oflFset,  and  none 
of  the  older  norite  has  been  observed  to  the  west  of  it. 

Just  east  of  No.  2  mine  at  Copper  Cliff  a  range  of  grseiistone  hills  begins  and 
extends  northward  with  some  irregularities,  but  scarcely  any  interruption,  to  Elsie 
and  Murray  mines^  a  distance  of  more  than  two  miles,  with  a  breadth  of  half  a  m?le 
on  the  average.  Much  of  this  area  is  typical  older  norite  or  shows  pillow  structure^ 
so  that  there  is  no  doubt  of  its  position  in  general ;  but  there  are  considerable  patches 
of  sedim^its,  quartzite  or  graywacke,  enclosed  in  it,  and  the  younger  granite  comes 
between  it  and  the  nickel  range  where  the  offset  joins  the  main  range. 

Near  Murray  mine  a  large  mass  of  granite  cuts  off  the  greenstone  and  associated 
rocks,  running  between  the  Frood-Stobie  offset  and  the  main  range,  but  immediately 
north  of  Stobie  the  older  norite  and  greenstone  in  a  typical  form  rise  as  rugged  hills 
«ind  extend  to  the  Little  Stobie,  Mt.  Nickel  and  Blezard  mines  with  a  length  of  a 
mile  and  breadth  in  places  of  more  than  half  a  mile. 

Beyond  this  toward  the  northeast  the  country  is  largely  covered  with  swamp  or 
clrift  deposits  along  the  margin  of  the  nickel  range,  and  not  much  detailed  mapping 
tias  been  done,  but  greenstones  are  known  to  occur  at  many  points  along  the  range, 
&nd  the  pillow  structure  has  been  found  near  Kirkwood  mine  in  Garson  township. 

Along  the  northern  nickel  range  the  older  norite  and  pillow  lava  have  been  observed 

only  at  one  point,  north  of  Joe's  lake  in  Wisner  township,  but  no  special  search  has 

been  made  for  them  elsewhere.     However,   there  is  cm   tho  whole  much  less  likelihood 

of  its  occurring  there  than  near  the  southern  range,  since  the  granitoid  gneiss  of  the 

Laurentian  makes  the  usual  country  rock  with  comparatively  little  greenstone  of  any 

description. 

There  is  plenty  of  greenstone  to  the  east  of  the  nickel  range  near  Blue  lake  and 
points  to  the  north,  but  the  older  norite  has  not  yet  been  observed  there,  perhaps 
because  it  has  not  been  particularly  looked  for.  Pillow  structure  was  seen  at  one 
point  near  Blue  lake,   however. 

To  sum   matters   up,   the  older  (or  micro-)  norite  is   known  to  extend,  with  some 

interruptions  from  granite  or  granitoid  gneiss,  from  Gertrude  to  Blezard  mine,  a  dis- 

^*^ce  of  d^<5"t  14  miles,  with  a  greatest  width  of  about  half  a  mile.     An  outcrop  has 

^n  [0a f^^    riear  Kirkwood   mine,    about  three   miles  northeast  of  the   Blezard  mine, 

^^  ^haf.  ffj^  *of  al  length  is  17  miles.     It  is  not  known  to  occur  anywhere  in  the  district  at 

0  (f/gf    ^^     i^rom  the  nickel  range^   but   always  at  or  near  the  margin   of  the  nickel- 

f^^rL     -^^^^'*^^-      It  is  highly  probable  that   the   lava   flows,   etc.,  of  the   older   norite 

^^%       ^^j^^^^^ti  an  earlier  outbreak    of    material    from    the    same    general   magma   as 

'^M'^^fM^        'lickel    eruptive,    but   at    a   very   much   earlier    date,    in    fact   befot^s  lV\fe 

k  V    y^^       "t^lie   interior  basin   were  laid   down.     If  this  ?,\\vpos\V\c\T\  \^  cotx^cX,  *0[v«c^ 
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were  surface  outflows  of  lava  of  a  basic  type,  followed  b;  a  long  p«riod  of  quicBcenw 
during  which,  the  10,000  feet  of  sedimeots  were  deposited.  A  sectmd  period  of  actirit; 
resulted  in  spreading  the  great  laccolithic  sheet  beneath  the  sedimente  »nd  over  th> 
older  norite,  the  magma  as  a  whole  being  this  time  of  medium  basicitj.  Finall;,  u 
acid  remnant  of  the  magmk  ma;  hare  been  erupted  fwming  the  later  granite  whicfc 
cnt«  both  the  older  and  the  later  norite,  though  this  is  uncertain. 


Qranites  ^'ea^  the  Nickel  Range 

Several  elongated  areas  of  granite  or  ajenite  or  gneisBoid  varieties  of  these  rodo 
occur  along  the  southern  nickel  range  as  if  the;  had  some  oonnection  with  it,  tJmmh 
the  gneissoid  rocks  have  generally  been  thought  to  be  Laurentian.  The;  differ  ooo- 
eiderabl;  frmn  the  grayish  medium-grained  gneisses  of  the  Laurentian  t«  the  eut 
and  north  of  the  nickel  eruptive,  and  are  perhaps  all  later  in  age. 


In  type  these  rocks  are  variable,  running  from  flesh-colored  to  gray,  from  fiae- 
graiaed  to  riMrsf,  from  porphyritk-  to  non.porphyritic.  and  having  all  degrees  of 
gneissoid  structure.  They  nre  alsays  later  in  age  than  certain  greenstones  of  wfaicb 
thev  enclose  fragments  and  than  the  graywackos.  quartzites  and  slates  of  the  Hnronian. 
The  variety  reforrinl  to  as  porphyritic  granitoid  gneiss  is  general);  older  than  th* 
tiorite,  wliiih  crovr*  linor-iirajnt'd  acains;  it:  bin  there  ar,>  doubtful  contacts,  and  Dr. 
BarloH  may  bo  right  in  aKsiguiny;  it  to  nearly  the  same  age  as  the  nickel  eruptivt.'* 
There  are  also  reddish  medium  to  fine-grained  granites  which  are  disrinctl;  later  than 
the  nickel  oriiptive.  since  they  frequently  send  apophvsae  into  it  and  penetrate  it. 
sometimes  a.-i  l.iiit;  dikes.  How  theso  graniies  are  related  to  the  porph}-ritic  granitnd 
gneiss  is  univrlain.   b\it   they  appear  to  U"  a   good  deal  younger,   as   a  whole,  perhap 
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later  outflows  from  the  same  magma.  It  seems  as  if  granitic  eruptions  were  very 
long  continued  in  the  region,  for  not  only  have  we  the  older  granitoid  rocks  against 
which  the  norite  cooled,  but  masses  and  dikes  of  granite  up  to  the  very  end  of  the 
series  of  eruptions,  for  two  small  dikes  have  been  found  cutting  the  diabases  which 
X>enetrate  all  the  other  rocks  of  the  region.  As  these  acid  rocks  have  erupted  at  various 
times  all  along  the  scale  without  showing  much  difFerence  in  oompoeition,  we  should 
X>erhaps  look  on  them  as  separate  in  origin  from  the  magma  of  the  nickel  eruptive, 
though  from  a  neighboring  source. 

DISTRIBUTION  OF  GRANITES 

A  large  band  of  granite  and  granitoid  geniss  with  some  greenttiones  intermixed 
begins  about  three  miles  east  of  Victoria  mine  and  runs  east  across  Vermilion  river 
to  the  northeast  corner  of  Graham  township,  where  it  bends  to  the  northeast  and 
widens  from  a  mile  or  a  mile  and  a  half  to  two  miles  or  more  as  it  approaches  Creighton. 
It  forms  the  country  rock  of  the  norite  for  two  or  three  miles,  but  near  Gertrude  is 
separated  from  it  by  greenstone  and  older  norite.  The  boundary  between  greenstone 
and  granite  is  hard  to  fix  in  this  region,  the  two  being  mixed.  At  Creighton  it  once 
more  touches  the  basic  edge  and  continues  in  this  relationship  to  Copper  ClifiE.  The 
hill  south  of  Creighton  shows  an  extraordinary  confusion  of  coarse  granitoid  gneisff 
with  inoluBions  of  finer  gneiss,  arkose  and  porphyrite,  the  whole  greatly  faulted  and 
crushed  into  conglomerate.  Some  of  the  gneiss  has  light  and  dark  bands  like  the 
Laurentian. 

Between  Creighton  and  North  Star  different  phases  of  granite  and  granitoid  gneiss 
with  some  greenstone  are  well  exposed  in  the  rock  cuts  of  the  Manitoulin  an3  North 
Shore  railway,  some  parts  with  large  flesh-coldred  porphyritic  crystals  in  a  darker 
ground  being  very  handsome  and  worthy  of  mention  "as  ornamental  stones. 

Near  Elsie  junction  the  coarse  porphyritic  rock  is  replaced  by  a  small  area  of 
rather  fine-grained  bright  red  granite  which  forms  two  or  three  hills  in  the  greenstone 
series,  but  the  fine-grained  granite  has  not  been  found  in  contact  with  the  coarser 
rock  so  as  to  compare  their  age. 

To  the  west  of  Copper  Cliff  coarse  gneiss  rises  as  steep  hills  and  encloses  in  part 
the  offset  of  norite  as  far  as  No.  2  mine,  the  norite  being  finer-grained  at  the  margin. 
Small  dikes  of  finer-grained  granite  penetrate  the  norite,  however,  as  though  later 
in  age,  so  that  two  eruptions  of  granite  are  represented  here. 

The  band  of  granite  described  is  about  12  miles  long  and  runs  roughly  parallel  to 
the  nickel  range  and  to  the  strike  of  the  Huronian.  It  is  not,  however,  a  single 
eruptive  band  or  sheet,  but  includes  rocks  of  quite  different  ages,  one  cutting  the  other 
in  some  cases,  and  in  almost  all  parts  there  are  older  greenstones  included,  sometimes 
to  such  an  extent  that  sharp  mapping  of  the  boundary  between  the  granite  and  green- 
stone is  impossible,  the  latter  rock  increasing  more  and  more  until  it  becomes  more 
important  than  the  granite. 

To  the  southeast  of  Murray  mine  a  range  of  pale  flesh-colored  granite  hills  rises 
along  the  Canadian  Pacific  railway  and  runs  northeast  near  the  nickel  range  to  a  point 
near  Little  Stobie  mine,  greenstone,  graywack^  and  various  schists  lying  along  its 
southeast  border.  This  granite  touches  the  norite  at  Murray  mine,  and  is  distinctly 
younger  than  it,  since  it  sends  projections  into  it.  The  boundary  of  the  granite  with 
the  greenstones  is  often  a  very  brecciated  one,  blocks  of  the  dark  rock  being  enclosed 
in  a  matrix  of  granite  which  ramifies  between  the  masses.  Somewhat  similar  granite 
occurs  as  irregular  bands  near  the  middle  of  the  norite  at  various  points  to  the  west 
and  northwest,  as  well  as  towards  Whitson  lake,  and  it  is  probable  that  all  have  had 
the  same  origin.  Diamond  drill  cores  show  rock  of  the  same  kind  fom  900  feet  depth 
below  the  surface  of  the  norite  about  the  middle  of  lot  8,  con.  II,  in  Blezard  township. 

Bosses  of  paler  gray  granite,  perhaps  of  different  age,  appear  in  the  graywack^s 
and  quartzites  near  the  northwest  corner  of  McKim  township ;  and  small  areas  are 
found  in  other  parts  of  the  region  to  the  south  and  east  of  the  nickel  range,  but  they 
have  not  been  studied  in  detail. 


Bureau  of  Mines 


Huronlaa  Qreeastones 

In  the  sketch  of  the  character  and  distribution  of  the  eruptives  ol  the  Sudbwr 
district  just  given  only  the  more  important  types  hkre  been  referred  to,  the  nickel 
<iruptive,  the  Sudbury  laccolith,  the  (rider  norite  and  asoBciated  greenstone,  and  tb* 
granitic  rocks.  There  are,  however,  many  bands  or  bosses  of  a  peculiar  Lomblend* 
pcrphyrite  with  coarse  crowded  crystals  occurring  in  various  places  in  the  aedimentarj 
rockfi,  probably  older  than  any  of  the  eruptives  that  have  been  taken  up.  Example* 
of  these  are  found  running  as  a  succesion  of  small  lenticular  patches  for  about  two 
miles  parallel  to  the  Fiood-Stobie  offset,  and  many  other  outcrops  of  the  same  natnra 
have  ben  noted  in  McKim,  the  only  township  studied  in  detail  apart  from  the  nickel 
range.  It  is  likely  also  that  the  bands  and  irr^nlar  areas  of  greenstone,  partly  por- 
phyritic  and  partly  without  phenocrysts,  between  the  Blue  lake  face  of  the  nickd 
omptive  and  lake  Wahnapitae  belong  to  the  same  category.  They  are  older  than 
both  the  norite  and  the  granite,  the  latter  having  carried  otS  great  strips  and  masses 
fit  them,  and  are  of  the  same  character  as  the  greenstones  enclosed  in  the  Laurentisn 
to  the  west  and  north  of  the  nickel  range. 


Diabase  Dikes 

it  the  other  extreme  from  the  rery  ancient  basic  eruptiva 
o  far  altered  that  their  constituent  minerals  and  in  m 


just  mentioned,  wfaidi 
even  their  original 


Weathering  of  diabase,  nest  of  Sudbury, 
structures  have  been  lost,  we  have  comparatively  modern  and  usually  very  freafa  basic 
rocks  in  the  diabase  dikes  which  intersect  all  the  rocks  of  the  district.  Th«  rock  varies 
from  fine-grained  or  compact  to  coarse-grained  in  the  middle  of  large  dikes,  and  ia 
many  cases  it  is  highly  porpbyritic,  flat  plates  of  plagioclase  sometimes  two  inches 
in  longest  diameter  being  embedded  in  a  fine-grained  ground.  The  color  is  graj, 
weathering  brown,  and  the  rock  is  specially  apt  to  form  spherical  sheila  and  b(uld>r- 
like  masses  on  exposed  surfaces.  Thin  sections  show  that  the  rock  is  an  admirthlf 
/reth  olivine  diabase. 


1905  Eruptive  Rocks  S5 


The  dikes  are  of  every  dimenBion  from  paper  thinness  to  100  yards  in  width,  and 
they  may  have  a  length  of  several  miles.  In  almost  every  part  of  the  region  which 
has  ben  carefully  studied  south  of  the  main  nickel  range,  these  dikes  have  been  found, 
and  they  appear  to  be  particularly  numerous  in  the  neighborhood  of  the  mines,  per- 
haps, however,  merely  because  those  parts  have  been  the  most  minutely  studied.  There 
are  few  rock  dumps  at  the  mines  where  the  diabase  is  not  to  be  found,  and  often  the 
dikes  cut  ore,  country  rock  and  norite  in  various  directions.  These  dikes  are  specially 
numerous  and  interesting  at  Creighton  and  Murray  mines,  where  they  cut  the  ore 
bodies  and  have  been  chilled  against  the  sulphides  because  of  their  better  conductivity, 
so  that  a  glassy  edge  has  resulted,  while  the  contact  against  the  rock  is  very  fine- 
grained but  not  glassy.  At  Creighton  mine  the  great  open  pit  shows  dikes  running  20^ 
15°  and  35°  west  of  north  respectively,  and  two  dikes  meet  on  the  north  side  of  the 
ore  body,  while  another  dike,  on  the  southeast  wall  of  the  pit  bends  round  so  as  to 
become  nearly  horizontal.  A  curious  feature  of  these  dikes  is  the  well-rounded  boulder- 
like projections  from  them  enclosed  in  the  ere.  These  pseudo-boulders  are  coarser 
grained  in  the  middle  and  compact  or  glassy  in  contact  with  the  ore. 

The  great  dikes  near  Murray  mine  having  a  strike  of  125°  or  130°  have  been 
mapped  by  Dr.  Barlow,  who  has  followed  them  from  the  mine  to  Ramsay  lake  beyond 
Sudbury,  a  distance  of  six  miles. 

Near  Worthington  mine  also  dikes  are  niunerous,  and  a  short  distance  to  the 
northeast  near  Totten  mine  an  irregular  hill  of  diabase  crosses  the  narrow  band  of 
norite.  Large  dikes  are  known  also  at  Copper  Cliff;  in  the  laccolithic  band  of  norite 
near  Evans  mine;  north  of  Chelmsford  in  the  sandstones  of  the  upper  sedimentary 
series;  in  the  tuff  near  Joe's  lake  and  the  Vermilion  river,  at  the  northeast  of  the 
nickel  basin ;  and  near  the  Blue  lake  ore  deposits ;  as  well  as  at  numerous  other  points 
which  need  not  be  detailed.  No  dikes  have  been  reported,  however,  from  the  Lauren- 
tian  to  the  west  and  north  of  the  northern  nickel  range,  but  this  may  simply  be  because 
that  formation  has  attracted  less  attention  than  the  others.  The  majority  of  the  known 
dikes  are  in  or  near  the  southern  nickel  range,  which  seems  to  point  to  some  connec- 
tion  between  them  and  the  ore  masses.  They  have  nowhere  affected  the  ore  bodies, 
however,  beyond  filling  fissures  in  them ;  and  they  clearly  belong  to  a  much  later  set  of 
phenomena  than  those  connected  with  the  coming  into  place  of  the  nickel-bearing 
sheet  and  its  accompanying  ores.  It  may  be,  however,  that  the  great  number  of  fissures 
filled  by  the  diabase  dikes  resulted  in  part  at  least  from  shrinkage  due  to  the  cocking 
of  the  nickel  eruptive  and  the  rocks  which  were  heated  at  its  contact. 

It  is  noteworthy  that  the  directions  of  the  dikes  show  no  relationship  to  the  north- 
east and  southwest  strike  of  all  the  other  rocks  in  the  region,  which  usually  have  a  more 
or  less  perfect  cleavage  or  schistosity  parallel  to  the  nickel  ranges;  showing  that  the 
compressive  force  due  to  the  settling  of  the  foundations  after  the  nickel-bearing  magma 
had  risen  and  spread  out  where  we  now  find  it,  was  then  at  an  end. 

Eruptives  Compared  as  to  Bulk 

If  we  omit  the  ''basal  complex*'  of  eruptives,  mainly  gneiss  but  with  some  un- 
foliated  granite  also,  as  well  as  considerable  patches  of  greenstone,  the  nickel-bearing 
eruptive  sheet  far  outweighs  all  the  other  igneous  rocks  of  the  region  with  its  esti- 
mated bulk  of  600  cubic  miles.  In  average  composition  it  comes  Tiear  to  the  mean 
of  eruptive  rocks  tne  world  over,  the  percentages  working  out  as  follows: 

Per  cent. 
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Tbe  eruptives  most  immediately  associated  with  it  are  the  "older  norite"  and 
related  greenstones,  and  the  finer-grained  granites  which  lie  parallel  to  it  or  form 
dikes  in  the  eruptive  sheet;  and  it  is  possible  that  these  rocks  are  deriTatives  from 
the  original  magma,  the  older  norite  having  been  separated  and  erupted  before  the 
main  sheet,  and  the  granites  after  it.  The  porphyritic' granitoid  gneiss  of  the  region 
has  probably  no  direct  connection  with  the  hearth  of  the  nickel  eruptive. 

In  volume  the  older  norite  and  the  later  granite  are  insignificant  when  compared 
with  the  great  laccolithic  sheet,  each  containing  only  a  few  cubic  miles  so  far  is 
known. 

However,  there  is  in  the  region  another  mass  of  materials  of  emptiTO  origin,  tBe 
thick  sheet  of  pyroclastic  sediments  called  the  Onaping  tuff,  including  a  number  of 
cubic  miles  of  volcanic  debris,  which  must  have  come  frcHn  some  source  not  far  off, 
possibly  at  the  time  of  the  surface  flows  of  the  older  norite.  That  the  tuff  is  older 
than  the  norite-pegmatite  sheet  underlying  it  has  been  shewn  in  a  previous  chapter. 
An  analysis  by  Prof.  Walker  gives  this  rock  a  composition  somewhat  more  haaic  than 
the  average  of  the  nickel  eruptive,  but  not  so  basic  as  the  norite  at  its  outer  edge. 
There  are,  however,  fragments  of  quartzite  in  the  tuff  which  would  increase  the  silica, 
and  on  the  whole  the  rock  seems  quite  different  from  either  the  nickel-bearing  eruptiye 
or  the  older  norite,  more  basic  than  the  former  and  much  less  basic  than  the  latter. 

THE  HURONIAN  SEDIMENTS 

The  sedimentary  rocks  of  the  Sudbury  district  underlying  the  nickel-bearing  sheet 
are  undoubtedly  older  than  those  overlying  it,  and  have  generalTy  been  considered  to 
belong  to  the  Upper  Huronian  as  hitherto  defined  in  Canada  equivalent  to  the  Lower 
Huronian  according  to  the  latest  classification.  Their  relationships  have  never  been 
worked  out  in  detail,  since  they  contain  no  economic  minerals  to  give  th^n  special 
importance,  and  are  exceedingly  complex  in  their  structure.  As  Dr.  Barlow  well  says. 
''In  the  first  place  all  the  rocks  of  the  district  have  been  greatly  disturbed,  so  that 
the  originally  horizontal  strata  are  now  tilted  at  very  high  angles,  in  some  cases 
having  assumed  a  vertical  attitude,  and  occasionally  have  even  been  overturned  as 
a  result  of  the  mechanical  stresses  to  which  they  have  been  subjected.  In  some  cases 
and  over  extended  areas  the  rocks  have  been  so  metamorphosed  that  the  planes  of 
original  sedimentation  are  more  or  less  completely  masked  or  even  destroyed  alto- 
gether." In  addition  Dr.  Barlow  calls  attention  to  the  schistose  structure  and 
cleavage  crossing  the  bedding  planes  and  the  intrusion  of  eruptive  masses  through  them 
disturbing  the  original  order  of  deposition. ^9  To  the  difficulties  shown  in  the  above 
quotation  may  be  added  the  fact  that  faulting  has  taken  place  extensively  all  over  the 
region,  resulting  in  crush  conglomerates  and  breccias  which  still  further  confuse  the 
relationships. 

The  history  of  these  sedimentary  rocks  is  far  from  easy  to  unravel^  but  certain 
facts  stand  out  clearly.  They  are  distinctly  water  formed  sediments,  and  in  my 
opinion  mainly  ordinary  elastics,  sands  and  clays,  and  not  to  any  large  extent  pyro- 
elastics.  They  must  have  been  once  approximately  horizontal,  but  they  woe  greatly 
disturbed  during  the  elevation  of  the  Laurentian  mountains,  whose  truncated  bases 
touch  them  at  various  points,  being  thrown  into  close  folds  between  the  Lanrantian 
areas ;  and  perhaps  before  that  time  they  had  been  domed  up  over  laccolithic  eruptions 
of  norite  older  than  the  main  eruptive  sheet,  and  perhaps  also  by  bosses  or  batholiths 
of  porphyritic  granitoid  gneiss  of  a  different  age  from  the  Laurentian.  Then  came  the 
vast  disturbances  before  and  during  the  formation  of  the  nickel-bearing  laccolithic 
sheet,  beginning  at  a  remote  time  with  surface  lava  flows  and  the  raining  dcwn  of  a 
great  thickness  of  tuff ;  followed  by  the  spread  of  600  cubic  miles  of  magma  between 
the    older    rocks    under    consideration    and    the    later    cediments.      This     climax   of 
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the 'eruptive  operations  was  accompanied  by  immense  faulting  and  settling  of  the 
older  rocks  through  the  removal  of  molten  material  from  beneath  and  the  spreading 
out  of  the  laccolithic  skeet  above  them.  With  the  settling  oi  the  fiheet  into  a  synclinal 
form  came  the  lateral  pressure  which  developed  slaty  cleavage  and  schistose  structure 
parallel  to  the  curved  axis  of  depression  under  the  syncline.  Finally  there  was  set- 
tling and  shrinkage  due  to  the  ccoling  of  the  great  eruptive  sheet,  causing  many 
faults  and  fissures  into  which  diabase  could  ascend. 

When  this  complex  history  is  kept  in  mind  the  difficulties  of  the  stratigraphy  are 
not  surprising. 

As  probably  the  oldest  of  the  sediments  the  gray  or  greenish  or  flesk-colored  rocks 
variously  called  graywack^,  quartzite  and  sometimes  arkose  may  be  taken  up  first.  In 
some  places  these  rocks  show  little  or  no  hint  of  stratification  and  have  been  so  far 
reconstructed  as  to  look  like  fine-grained  gneiss  or  granite  or  syenite,  for  which  they 
have  at  times  been  taken;  but  the  lowest  part  consisting  of  interbedded  coarse  and 
fine  materials  often  shows  well  developed  stratification  on  weathered  surfaces.  As 
suggested  by  Dr.  Barlow,  these  darker  rocks  are  bent  into  a  syncline  enclosing  flesh- 
colored  arkose. 

Qraywacke 

As  the  oldest  rooks  of  the  region  it  is  intended  to  describe  first  a  series  of  well 
Btraiiued    rocks   ranging    from    quartzite   to   slate,    usually   Including    a   good   deal   of 

decayed  feldspar  and  fine-grained  dirty-looking  materials  as  well  as  angular  or  rounded 
fragments  of  quartz  and  a  chloritic  or  sericitic  substance.  In  many  cases  the  rock 
is  very  distinctly  banded,  coarser  quartzose  bands  standing  out  while  finer  slaty  bands 
with  less  quartz  have  weathered  down  as  parallel  furrows.  These  rocks  have  usually 
not  been  so  greatly  re-crystallized  as  the  overlying  arkoses,  though  there  are  phases 
looking  like  gneiss  or  mica  schist;  and  this  fact  with  their  characteristic  appearance 
of  Btratified  sediments  gives  one  the  impression  that  they  are  younger  than  the  felsitic- 
looking  arkoses.  There  are,  however,  transitions  between  the  two  rocks  and  they 
probably  represent  a  continuous  succession,  the  graywacke  being  the  older  of  the  two. 

The  graywackes  as  here  defined  have  well-marked  bedding  and  sometimes  cross- 
bedding  and  other  structures  characteristic  of  wave  action;  and  rather  rare!.-,  ror 'ded 
pebbles  of  various  kinds  of  rock  are  found  interbedded  with  the  finer  materials.  They 
cover  much  more  space  than  the  arkose  and  present  much  more  variety. 

In  the  southwestern  part  of  the  district  rocks  of  this  kind  show  as  hills  and  ridges 
near  Worthington  and  Victoria  mine,  accompanied  by  thick  bands  of  slate  and  also 
of  quartzite  as  extreme  phases,  and  one  band  of  quartzite  is  pure  enough  to  be  worked 
as  material  for  the  lining  of  converters  at  Victoria  mine,3o  containing  90  per  cent,  of 
silica. 

Some  of  the  more  slaty  bands  are  impregnated  with  sulphides  and  have  rusty 
surfaces  which  have  attracted  prospectors,  but  they  contain  only  traces  of  nickel  or 
copper.  The  strike  is  generally  about  east  and  west,  parallel  to  the  basic  edge  of  the 
nickel  eruptive,  and  near  Worthington  a  dip  of  708  to  the  south  has  been  recorded. 
Green  schist  and  greenstone  are  often   interbedded   with  the  slaty  graywacke. 

Near  the  church  at  Victoria  mine  a  common  phase  of  the  graywacke  is  well  illus- 
trated, showing  an  ice-planed  surface  of  pale  gray  color  slightly  banded  with  darker 
gray,  and  in  parts  covered  with  markings  half  an  inch  long,  oval  depressions  with 
a  narrow  ridge  in  the  middle,  probably  pseudoraorphs  after  staurolite.  Small  stretches 
of  fairly  well  stratified  graywacke  occur  near  Gertrude  mine.  Graywacke  is  widely 
distributed  near  Copper  Cliff  and  Sudbury  also,  with  much  the  same  features  as  near 
Victoria  mine.  At  Copper  Cliff  it  is  largely  buried  under  the  clay  flats,  but  numerous 
small   hills  rise   above  the  drift,  and   narrow   bands  skirt   the  flanks    oi  harder  rocks, 
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6uch  as  the  arkose  west  of  the  village  and  the  lacoolithic  rauge  of  hills  near  Kelly  lake. 
The  strike  has  here  changed  to  N.  40^  to  76^  £.,  parallel  to  the  general  structures  of 
the  rocks  of  the  region,  and  the  dip  varies  from  65°  to  verticality.  In  the  village  of 
Chopper  Cliff  the  graywack^  contains  some  patches  of  conglomerate  which  may  be  of 
beach  formation.  The  hills  to  the  northeast  of  the  village  and  in  the  neighborhood 
of  Clara  Bell  junction  are  largely  graywack^,  some  parts  near  the  latter  point  contain- 
ing sulphides  enough  to  weather  very  rusty.  To  the  southeast  of  the  range  of  arkose 
hills  which  occupies  the  centre  of  the  syncline  the  graywack^  with  very  pronounced 
bedding  occupies  the  lower  ground  and  apparently  extends  from  this  east  almost  ti> 
Ramsay  lake,  being  cut  off  in  that  direction  by  a  band  of  gabbro.  Very  good  exposures 
are  found  between  miles  2  and  3  of  the  Manitoulin  and  North  Shore  railway,  and  east 
of  the  C.  P.  R.  station  at  Sudbury,  the  peculiar  spotted  variety  formerly  called  "rice 
rock"  occurring  along  the  C.  P.  R. 

Perhaps  the  most  typical  exposure  of  these  rocks  is  to  the  north  of  Sudbury  on  a 
steep  hill  which  dominates  the  town.  Here  the  stratification  is  very  distinct,  and 
various  interesting  structures  occur,  cross  bedding  on  a  small  scale  and  wavy  projections 
of  a  quartzitic  variety  into  slaty  bands.  The  road  north  towards  Stobie  gives  fine 
exposures  of  the  same  rock,  which  ends,  however,  before  Stobie  is  reached,  being  cut 
off  by  greenstone.  In  this  part  the  strike  ranges  from  30^  to  80^  and  the  dip  is  not 
far  from  vertical.  The  graywack^  extends  to  the  east  also  along  the  valley  of  Sudbury 
creek  between  the  gabbro  of  the  laccolith  east  of  the  town  and  the  hills  to  the  norths 
but  it  is  cut  by  dikes  or  bosses  of  hornblende  porphyrite  and  by  a  boss  of  granite  just 
within  Neelon  township.  To  the  north  of  McKim  stratification  is  not  evident  in  many 
places  and  as  there  is  little  of  the  slaty  material ^  the  hills  in  this  direction  should 
perhaps  be  called  quartzite  or  arkose,  though  without  the  pale  flesh  color  usual  in 
these  rocks  elsewhere  in  the  district.  Where  the  strike  is  visible  it  trends  abV>ut  east 
and  west.  West  of  this  toward  Stobie  a  mass  of  gray  quartz  porpHjrry  is  almost  indis^ 
tinguishable  from  the  quartzite  enclosing  it. 

The  most  singular  phases  of  the  graywack^  run  for  about  5  miles  northeast  and 
southwest  from  near  Copper  Cliff  almost  to  Stobie  mine,  parallel  to  the  edge  of  the 
nickel  range  but  some  distance  to  the  southeast.     Here  the  graywack^  has  been  more 
thoroughly  re-crystallized  than  in  most  places  and  has  the  appearance  cften  of  sericitic 
or   chloritic  schist  or   even   of  fine-grained  gneiss.     Along  most  parts   of    the   band  of 
altered  graywacke,  which    is   not    more    than   a   quarter    of   a    mile    wide    at    greatest, 
there  are  numbers  of  pseudomorphs  after  staurolite,   which  may   even   reach  5  or  6 
inches    in   length.     The   elongated   six-sided   cross-sections   and   occasional   twins  of   the 
St.    -Andrew's  cross  type  make'  the  original   nature  of  the  mineral  clear,  though   the 
crystals  are  now  completely  changed  to  quartz  in  minute  grains  or  a  pale  green  scaly 
•■oera/  like  talc  or  sericite.     As  the  pseudomorphs  are  commonly  paler  than  the  rock, 
^ven  nrh ite,  the  appearance  is  very  striking.     In  some  parts  the  crystals  are  crowded 
..^^    ^^dls    fvith  spaces  containing  few  crystals  between  them,  the  strike  of  the  bands 
^       ^^^8:    from    that   of  the   schistosity;   in   cne   case   the  crystals   run    110     while   the 
^       *^e  is    60®,  and  in  another  the  two  directions  are  90^  and  45^.     It  is  likely  that 
^^^tiG  csLtlon  is  indicated  by  the  bands  of  crystals,  the  original  beds  having  differed 
'^Position. 

*08o  I>^^ide  this  very  schistose  variety  there  is  a  curious  rock  showing  less  change, 
^  ^taf  xiing  the  "eyes  and  eyebrows"  of  fine-grained  quartz  which  have  been  noted 
^^  >  and  "tliere  are  parts  with  smaller  whitish  spots  of  quartz  not  unlike  those  des- 
r*>»  ^''^^*^*o^*Bly  in  certain  hornblende  schists. 

^  ^z-esexice  of  later  granite  near  by  and  the  fact  that  the  Frood-Stobie  norite 
^^  Un^     "fclurough  or  beside  this  band  of  graywacke  probably  furnishes  an  explanation 
^  a.l.-fc^ired  condition. 

^^'^   F>oint  to  point  a  vory  narrow  and  broken  strip  of  typical  water-formed  conglom- 
^n»    xi^&r  the  altered  graywacke  from  Frood  to  the  hills  beyotvd  StoViSft  \jcr««t^  ^X\fe 
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northeast.  This  was  probably  once  a  continuous  stratum  but  is  now  pinched  and  faulted 
into  short  separate  Strips,  two  of  which  occur  in  the  village  of  Stobie  and  just  east  of 
the  mine.  As  the  conglomerate  contains  large  pebbles  of  granite,  quartzite,  greenstone, 
green  schist,  etc.,  it  is  evident  that  it  indicates  a  break  in  the  succession,  but  whether 
this  is  a  basal  conglomerate  at  the  bottom  of  the  Huronian  or  is  of  minor  importance 
in  the  series  of  sediments  has  not  been  determined.  The  thickness  of  the  conglomerate 
as  exposed  near  Stobie  is  never  over  twenty  feet,  so  that  in  magnitude  it  cannot  be 
compared  with  the  great  beds  of  basal  conglomerate  found  in  the  typical  fiuronian 
region  or  at  Michipicoten. 

Arkose 

Between  two  irregular  bands  of  the  graywacke  described  above,  sometimes  sharply 
separated  from  the  lower  rock,  sometimes  passing  gradually  into  it,  is  a  range  of 
rugged  pale  gray  or  flesh-colored  hills  consisting  of  arkose,  beginning  near  Copper 
Cliff  and  ending  near  Stobie  mine.  The  hills  are  not  continuous  but  in  a  general  way 
run  through  the  centre  of  the  graywacke  as  if  enclosed  in  a  syncline  of  the  latter  rock, 
though  there  is  so  much  faulting  and  irregularity  in  the  r^ations  of  the  two  rocks  as 
to  make  the  matter  somewhat  doubtful.  The  arkose  is  so  much  harder,  owing  to  re- 
crystallisation,  that  it  resists  the  weather  better  than  the  graywacke,  the  latter  often 
forming  the  low  ground  beside  the  range  of  arkose  hills. 

Just  west  of  Copper  Cliff  one  such  hill  stands  up  from  the  day  plain  ?rith  a 
fringe  of  graywacke  just  to  the  east  along  its  flank.  No  distinct  stratification  was 
observed  in  the  arkose  though  the  graywacke  close  by  is  well  stratified.  The  next 
outcrop  is  a  small  sharp  hill  just  east  of  the  Copper  Cliff  rock  house,  sometimes  spoken 
of  as  syenite;  though  the  rock  is  so  fine-grained  as  to  suggest  felsite.  To  the  north 
this  rock  becomes  mingled  with  blocks  cf  stratified  graywacke  as  if  it  were  an  eruptive, 
so  that  the  usual  term  is  not  to  be  wondered  at.  Dr.  Barlow  maps  it  as  "regenerated 
granite"  (re-crystallieed  quarteite).  Mixed  with  green  schists,  graywacke  and  a  little 
conglomerate,  and  more  or  less  covered  with  stratified  clay,  the  quartzite  band  extends 
to  the  dftstward,  growing  wider  to  the  west  of  Sudbury,  where  the  two  railways  cross 
it  giving  excellent  sections.  On  the  Manitoulin  and  North  Shore  railway  two  miles  west 
of  the  town  the  arkose  has  the  look  of  fine-grained  gneiss  and  is  often  sheared  and  crushed 
into  a  conglomerate.  Farther  north  along  the  Canadian  Pacific  railway  the  re-crystalli- 
aation  has  gone  even  farther  in  places,  and  boulder-like  patches  in  the  rock  are  filled  with 
hornblende  crystals.31  This  range  of  hills,  which  is  in  places  half  a  mile  wide,  con- 
tinues northeast  beyond  the  C.  P.  R.,  but  dies  out  before  reaching  the  Frood  mine, 
thoueh  patches  of  the  same  rock  are  seen  between  Stobie  and  Blezard  mines.  Many 
smaller  strips  and  patches  of  similar  arkose  are  found  in  the  band  of  mixed  green- 
stone and  graywacke  lying  to  the  northwest  of  this  range  of  hills,  and  the  contact  of 
the  two  rocks  is  often  brecciated,  as  if  it  had  been  a  zone  of  weakness  where  faulting 
was  specially  active. 

Arkose  occurs  on  a  still  larger  scale  but  of  the  same  general  character  east  of  the 
Sudbury  district  along  the  south  shore  of  lake  Wahnapitae  and  at  other  points. 

Beside  the  more  prevalent  pale  gray  or  flesh-colored  rocks  whicn  contain  a  large 
amount  of  feldspar,  and  so  have  been  called  arkose  in  the  description  above,  there  are 
true  white  quartsites  in  the  region  consisting  almost  wholly  of  quartz  grains  more  or 
less  cemented  with  silica;  but  these  occur  only  in  small  outcrops  and  do  not  require 
special  description.  The  best  localities  are  a  small  hill  south  of  the  railway  between 
Freed  and  Stohio.  and  the  north  <ihore  of  Ramsay  lake  east  of  the  boat  houses.  These 
quart itit OS  arc  closely  like  the  widespread  white  qiiar+zite  of  *he  typical  Huronian 
region  near  Echo  lake.  etc.  The  hill  of  schistose  quartzite  west  of  Headquarters  in 
Garson  township  belongs  to  the  same  class. 


.ti  BiiWoir,    Ibid  ,   p.  (5. 
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Slate 

Thin  layers  of  slaty  material  occur  at  many  points  interstratified  with  the  gray- 
wack^y  but  in  some  places  there  are  thick  beds  of  filate^  quite  free  from  coarser  layers, 
so  that  they  may  be  referred  to  as  an  independent  formation.  Beginning  at  the 
southwest,  slate  is  found  about  half  a  mile  west  of  Worthington  station,  the  cleavage 
running  84^  and  the  dip  being  80^  to  the  south.  The  rock  is  pale  gray  and  somewhat 
lustrous  and  has  a  very  perfect  cleavage.  A  mile  east  of  Worthington  also  gray  slate 
is  found  in  railway  cuttings  with  the  slaty  cleavage  cutting  the  stratification  at  a 
sharp  angle;  and  slaty  bands  of  considerable  width,  sometimes  rusty  from  the  weather- 
ing of  pyrites,  occur  north  of  Victoria  mine  village.  Slate  occurs  between  Whitefish 
station  and  the  band  of  granite  south  of  the  nickel  range,  and  evidently  has  a  con- 
siderable development  in  an  east  and  west  direction,  since  it  is  found  at  the  falls  of 
Vermilion  river  about  two  miles  east  of  Whitefish  where  the  Sault  branch  of  the  Can- 
jtdian  Pacific  crosses  the  river.  Here  the  stratification  is  well  marked  with  a  strike 
of  80^,  while  the  slaty  cleavage  runs  50^  with  a  dip  of  85^  to  the  southeast. 

Slate  and  phyllite  which  probably  correspond  to  those  of  the  Victoria  mines  region 
are  found  to  the  west  near  Massey  and  Webbwood  outside  the  boundaries  of  the  district. 
The  slaty  rocks  just  described  are  always  much  more  crystalline  through  the  devlop- 
ment  cf  sericite  or  chlorite  than  the  black  slate  of  the  Onwatin  formation  belonging 
to  the  sedimentary  series  above  the  nickel-bearing  eruptive. 

Middle   Huronian   (?)  Qraywacke  Conglomerate 

AH  of  the  sedimentary  rocks  so  far  described  belong  probably  to  the  Lower  Huron- 
ian,  adopting  the  terms  agreed  upon  by  the  international  committee  on  the  classifi- 
cation of  the  Pre-Cambrian,  but  there  is  gr^ywacke  conglomerate  in  the  region  of  a 
quite  different  character  from  the  graywacke  interbedded  with  slaty  layers  hitherto 
mentioned.  The  best  exposure  of  the  graywacke  conglomerate  is  on  the  north  shore 
of  Ramsay  lake  between  the  lake  and  the  Sudbury  laccolithic  band  of  old  norite.  The 
matrix  of  the  conglomerate  is  dark  gray  and  massive-looking,  containing  many  small 
fragments  of  quartz  and  a  variable  proportion  of  boulders  and  pebbles,  the  latter 
being  usually  rather  sparsely  scattered.  The  larger  boulders  are  commonly  of  granite, 
but  there  are  some  also  of  quartzite,  and  many  small  ones  of  white  quartz.  Near  a 
small  lake  between  Ramsay  lake  and  the  hill  to  the  north  there  are  large  fragments 
of  the  stratified  graywacke  enclosed  in  this  rock,  which  hardly  shows  any  trace  of 
stratification ;  but  there  has  been  so  much  faulting  and  crushing  in  the  region  that 
the  blocks  of  supposed  older  rock  may  have  reached  their  place  by  those  means  and 
not  by  process  of  sedimentation.  At  a  small  point  on  the  north  shore  of  Ramsay  lake 
there  are  suggestions  of  a  basal  conglomerate  overturned,  so  that  the  older  rock  is 
now  uppermost,  and  the  crowded  granite  boulders  of  the  younger  one  are  beneath  It, 
but  here  again  there  is  some  doubt  as  to  the  relation  of  the  two  rocks.  We  may  assume 
however  that  the  inclusion  of  numerous  quartzite  pebbles,  often  of  pale  flesh  color, 
implies  a  later  age  than  the  Lower  Huronian,  which  so  far  as  we  know  is  the  only 
source  of  these  pebbles. 

In  our  own  work  only  this  small  area,  two  or  three  miles  in  length  by  half  a  mile 
in  breadth,  is  known  to  belong  to  the  graywacke  conglomerate,  but  very  similar  rocks 
occur  on  a  large  scale  near  Kokogaming  lake  east  of  Wahnapitae  and  in  other  parts 
of  the  Huronian. 

UPPER  HURONIAN  OR  ANIMIKIE  SEDIMENTS 

The  series  of  sedimentary  rocks,  referred  to  earlier  in  this  work  as  the  Trout  lake 
conglomerate,  the  Onaping   tuff,    the   Onwatin  slate,    and  the  Chelmsford  sandstone, 
resting  on  the  basin-shaped  sheet    of    the    nickel-bearing    eruptive,    are    probably    of 
Animikie  age  or  according  to  the  latest  classification,  Upper  Huroniarv.    TWt^  S&VsXKNs^ 
doubt  that  before  the  eruption  of  the  laccolithic   sheet  t\\fesft  ^^dXrciftTv^  n^^t^  wa^A-s 
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horisontal  and  rested  on  the  folded  and  truncated  edges  of  the  Huronian  and  Lanren- 
tian  rocks  below,  though  few  undoubted  pebbles  of  any  other  Huronian  rock  than 
quartzite  have  yet  been  recognized  in  them.  The  common  granite  boulders  and  pebbles 
of  the  basal  congl<»nerate  may  well  have  come  from  thie  Laurentian,  though  they  may 
include  other  granites  also. 

Trout  Lake  Congloiiierate 

The  rock  immediately  overlying  the  acid  or  upper  surface  of  the  eruptive  sheet 
is  always  a  conglomerate,  often  very  coarse,  containing  pebbles  and  boulders  of  granite, 
quartaite,  etc.,  clearly  an  ordinary  basal  conglomerate.  This  passes  up  into  quartdte 
or  cherty  rock,  often  brecciated,  And  sometimes  into  a  dark  gray  rock,  which,  may  be 
called  graywack^,  all  containing  some  pebbles  like  thoee  of  the  conglomerate.  The 
width  of  the  basal  oonglomerate  varies  from  a  few  feet  to  more  thlan  2,000  feet,  and 
at  Sop  dip,  the  average  thickness  oi  the  oonglomerate  and  associated  aqueo-dastic 
sediments  has  been  worked  out  at  about  450  feet. 

The  base  of  the  conglomerate  is  always  powerfully  metamorphosed,  often  to  such 
a  degree  that  the  boundary  of  the  acid  eruptive  is  hard  to  trace.  The  matrix  of  the 
oonglomerate  is  changed  into  febitic-looking  material  very  like  the  finer-grained  parts 
of  the  micropegmatitic  granite,  and  the  pebbles  or  boulders  enclosed  in  it  have  very 
vague  edges,  though  one  can  usually  distinguish  them  as  coarser  textured  spots,  and 
thus  decide  that  the  rock  is  really  conglomerate.  In  many  places  along  the  southeastern 
margin  the  rock  has  been  squeezed  or  sheared  into  schist  conglomerate  with  the  pebbles 
greatly  flattened  and  a  matrix  often  like  mica  cr  chlorite  schist.  The  finer-grained 
sediments  above  the  conglomerate  proper  have  been  much  less  changed,  but  still  show 
signs  of  silicification,  rendering  them  often  very  resistant. 

In  the  detailed  account  of  the  nickel-bearing  eruptive  the  acid  edge  bas  been 
described  as  always  in  contact  with  the  Trout  lake  conglomerate,  which  it  has  pene- 
trated more  or  lees  from  beneath  and  greatly  metamorphosed.  In  that  connection  the 
distribution  ef  the  conglomerate  has  been  referred  to,  so  that  it  is  not  necessary  to 
recapitulate  the  points  at  which  it  is  found.  It  will  be  sufficient  to  say  that  next  to 
the  acid  edge  round  the  whole  inner  rim  of  the  nickel  eruptive  the  conglomerate  is 
known  to  exist  as  a  band  varying  from  a  few  feet  to  more  than  half  a  mile  (south  of 
Gordon  lake)  with  an  average  of  about  1,000  to  1,500  feet.  Good  exposures  are  met 
between  Vermilion  river  and  Gordon  lake,  south  of  Windy  lake,  on  the  north  shore 
of  Whitewater  lake,  south  of  Trout  and  Joe's  lakes  and  near  Garson  lake.  The  band 
ifi  unusually  narrow  north  of  WHiitson  lake.  It  is  noteworthy  how  often  the  line  of 
contact  between  the  acid  edge  and  the  conglomerate  crosses  lakes,  the  very  accentuated 
topography  favoring  the  formation  of  lake  basins. 

Onaping  Tuff 

Resting  on  the  water-formed  sediments  of  the  Trout  lake  formation,  and  with 
transitions  between  them,  is  the  Onaping  tuflF,  a  thick  sheet  of  pyroclastic  sediments 
mingled  with  varying  amount£  of  pebbles  or  boulders  of  granite,  quartzite  and  chert. 
The  volcanic  ash  and  lapilli  are  angular  and  now  consist  largely  of  serpentine  and 
chalcedony.  No  clear  evidence  of  stratification  has  been  found  in  this  series  of  rocks, 
which  range  from  hard,  almost  flinty  materials  standing  up  as  sharp  hills,  to  soft  slaty 
forms  verging  towards  the  true  slate  of  the  next  formation.  It  may  be  that  the  flinty 
variety,  which  lies  immediately  upon  the  Trout  lake  rocks,  has  been  solidified  with 
silica  brought  by  circulating  water  from  the  acid  eruptive;  while  the  upper  part  not 
being  thus  consolidated  has  yielded  to  pressure  and  taken  on  the  slaty  cleavage. 

The  thickness  of  the  tuff  is  hard  to  determine  sharply  because  of  its  blending  up- 
wards into  the  Onwatin  slat^.  but  assumine  the  boundary  to  be  the  low  hills  facing  the 
vnlhy  occupied  by  the  slate  proper,  \^e  fvivd  «kiv  average  thickness  of  3,800  feet. 
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Much  of  what  haa  been  said  of  the  distribution  of  the  conglomerate  will  apply  also 
to  the  overlying  tuff.  It  forms  an  oval  band  from  a  mile  to  a  mile  and  a  half  wide 
round  the  whole  basin,  but  is  separated  from  the  acid  edge  by  the  conglomerate  into 
which  it  appears  to  merge,  more  and  more  ordinary  sedimentary  material  coming  in 
toward  the  base  until  the  majority  of  the  constituents  are  water-formed  elastics,  and 
the  transition  to  the  Trout  lake  formation  is  complete.  The  edge  of  the  pyroclastic 
sediments  toward  the  nickel  eruptive,  like  the  underlying  conglomerate,  m  generally 
hardened  by  the  action  of  the  fluids  from  the  acid  edge  and  so  stands  up  as  ehArp* 
hills,  but  the  softer  inward  edge  sinks  away  into  the  low  ground  and  is  largely  ooyered 
with  drift.  Perhaps  the  best  exposure  for  the  study  of  the  tuff  is  along  the  railway 
east  of  Onaping,  though  here  the  softer  phase  is  mostly  hidden.  Good  sections  are 
afforded  on  the  road  frcmi  Trout  lake  to  Asilda,  especially  on  the  north  side  of  the 
basin,  and  along  the  southern  side  of  the  basin  in  Capreol  and  Hanmer  townahipt. 

At  several  points  the  tuff  has  been  found  to  contain  small  deposits  of  sulphides, 
especially  zincblende  and  galena,  but  never  on  such  a  scale  as  to  be  of  economic  import- 
ance. Such  deposits  are  known  at  points  to  the  north  of  Fairbank  lake  and  along  the 
sam^  side  of  the  basin  toward  the  east,  but  the  largest  visited  by  us  was  a  little  east 
of  the  south  end  of  Trout  lake  in  Bowell  township,  where  a  Ic cation  (W  D  252,  sometimes 
called  Prue's  mine)  has  been  taken  up,  and  a  small  shaft  sunk  showing  quarts  with 
zincblende,  galena  and  a  little  copper  pyrites.  A  dark  gray  basic  eruptive  rock  occurs 
beside  the  shaft  and  its  eruption  probably  influenced  the  formation  oi  the  small  ore 
body.  Pyrites  is  very  commonly  found  scattered  in  small  particles  through  the  tuff,  as 
near  the  high  falls  of  the  Onaping  river,  sometimes  in  such  amounts  that  the  surfaoe 
weathers  rusty;  and  there  are  places  near  the  northeast  corner  of  Greighton  township 
where  considerable  veins  of  quartz  with  pyrites  have  been  taken  up  as  gold  mines, 
but  hitherto  with  no  success. 

Onwatin  Slate 

The  black,  carbonaceous  slate  is  soft  and  has  generally  weathered  so  far  as  to  be 
covered  with  Pleistocene  beds ;  but  it  occasionally  forms  low  hills,  as  near  the  east 
end  of  Vermilion  lake.  It  has  a  very  perfect  cleavage,  and  the  stratification,  as  indi- 
cated by  darker  bands,  is  cut  by  it  at  high  angles.  Its  thickness  may  be  fixed  at 
3,700  feet  on  the  average,  that  being  the  space  separating  the  tuff  from  the  sandstone. 

The  softer  phase  of  the  Onaping  tuff  merges  on  its  inner  side  into  the  black  slate, 
which  forms  a  third  band  running  round  the  basin,  usually,  however,  occupying  the  low 
ground  and  very  often  hidden  by  old  lake  deposits.  It  is  best  studied  in  the  river 
valleys,  especially  along  the  Vermilion  river  from  Vermilion  lake  east  and  south«  Just 
below  the  exit  of  the  river  from  the  lake  a  range  of  low  ridges  of  slate  occurs  on  both 
sides,  one  of  the  few  points  where  this  rock  rises  as  independent  hills.  At  Stobie  falls 
the  river,  which  has'  hitherto  run  parallel  to  the  strike,  turns  southward  across  it, 
causing  two  small  falls.  Apparently  the  slate  at  these  points  has  been  more  or  less 
shattered  and  the  fissures  have  been  filled  with  quartz  and  sulphides  giving  it  greater 
resisting  power  than  elsewhere.  A  small  shaft  has  been  sunk  on  one  of  these  deposits 
of  sulphides  just  where  the  river  turns  sharply  southward,  but  so  far  as  known  no  ore 
of  value  was  found. 

The  most  interesting  feature  of  the  black  slate  is  the  large  amount  of  carbon  con- 
tained by  it,  amounting  to  from  6.8  to  10  per  cent,  according  to  analyses  made  iu  6f. 
Ellis'  laboratory  in  the  School  of  Science.  In  lot  10,  con.  I,  of  Balfour  township,  a 
little  north  of  the  bend  of  the  Vermilion  a  vein  of  anthraxolite  or  anthracitic  carbon 
wafi  found  in  the  slate  in  1896,  giving  rise  to  the  hope  of  finding  coal  in  the  region. 
An  examination  showed  that  an  irregular  vein  ran  about  north  and  south  up  a  hill 
of  slate  having  a  length  as  far  as  exposed  of  70  feet  and  a  width  of  12  feet  where 
widest.  The  walls  are  very  uneven,  and  large  horses  of  slate  occur  in  the  anthraxolite, 
which  would  not  average  more  than  six  feet  in  thickness.     DiarcLOTid  dxV>\\xv\L» ^aw^  ^^"^x^ 
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that  the  deposit  goes  to  a  depth  of  at  least  100  feet,  so  that  some  thousands  of  tons 
of  the  anthracitic  material  may  exist  in  the  vein.  Originally  the  anthraxolite  entered 
the  fissure  as  bitumen  which  gradually  lost  its  volatile  constituents  and  became  changed 
to  the  present  hard  coaly  material  having  nearly  95  per  cent,  of  fixed  carbon,  an 
analysis  of  the  purest  specimens  giving  the  following  results: 

Per  cent. 

Carbon    94.92 

Hydrogen    0.52 

Nitrogen    1.04 

Sulphur    0.31 

Ash    1.52 

Oxygen    1 .  69 


100.00 


It  will  be  seen  that  this  contains  more  fixed  carbon  than  the  best  anthracite ;3* 
and  in  hardness  and  slowness  of  burning  also  it  goes  somewhat  beyond  hard  coal.  In 
loeing  its  volatile  constituents  the  bitumen  contracted  greatly,  forming  small  lustroas 
fragments,  often  cubical,  and  seldom  more  than  half  an  inch  in  diameter;  and  later 
quartz  and  a  little  pyrites  were  deposited  in  the  spaces,  so  that  the  average  material 
contains  from  25  to  45  per  cent,  of  quartz,  diminishing  greatly  its  value  as  fuel.   . 

The  adjoining  slate  has  a  strike  of  60^  and  a  dip  of  the  cleavage  varying  from 
55°  toward  the  south  to  the  vertical,  the  cleavage  being  oblique  to  the  st^atifioataon, 
which  dips  to  the  northwest. 

North  of  the  east  end  c  f  Vermilion  lake  part  of  the  slate  is  very  carbonaceooB,  aoifiiig 
the  hands,  and  here  also  an  attempt  was  made  to  find  coal.  The  rock  dtxmp  ahowB  a 
great  amount  of  slickensided  fragments  having  a  perfect  polish  as  of  graphite,  crn- 
dently  resulting  from  brecciation  and  faulting.  Somewhat  north  of  the  anthimxolite 
vein  mentioned  above  on  lot  2,  con.  II,  of  Balfour  township,  Mr.  William  MeVtttie  has 
sunk  a  diamond  drill  hole  for  1,000  feet  without  any  other  result  than  to  prove  UmI 
the  slate  goes  to  at  least  that  depth. 

Not  far  from  the  anthraxc^ite  deposit  zincblende  with  some  other  sulphidee  liave 
been  obtained  from  the  slate  or  from  the  slaty  edge  of  the  tu£Ps,  but  the  enMmnti 
are  too  small  to.  justify  mining.  At  the  east  end  of  Onwatin  lake,  from  whildl  i^ 
name  of  the  slates  has  been  derived,  a  pit  has  ben  sunk  upon  a  mass  of  pyrites  with 
the  idea  that  it  was  nickel-bearing,  but  with  no  results  of  importance.  Evidentlj  i^ 
shattering  due  to  earth  movements  since  the  nickel  eruptive  reached  its  place  has 
caused  many  fissures,  some  of  which  have  been  filled  with  molten  rock,  forming  the 
diabase  dikes,  others  with  pitchy  materials  forming  anthraxolite,  probably  derived  from 
the  enclosing  rocks  charged  with  hydrocarbons,  and  still  others  filled  with,  sincblende, 
pyrite  and  other  sulphides  with  a  little  quartz  as  a  result  of  circulating  water.  Ap- 
preciable quantities  of  nickel  or  copper  apparently  do  not  occur  in  the  sulphides 
deposited  in  the  slates. 

Chelmsford  Sandstone 

The  uppermost  rock  of  the  series  is  distinctly  marked  off  from  the  slnte  below, 
though  a  few  bands  of  slate  part  the  thick  beds  of  sandstone  and  bring  out  prominently 
the  bedding  of  the  formation.  The  sandstone,  where  it  rises  above  the  plain,  forms 
a  succession  of  gentle  anticlines,  usually  four  in  number,  running  parallel  to  the  axi> 
of  the  main  syncline,  i.e.,  about  50*  to  80^  east  of  north.  The  synclines  between  tlw 
anticlinal  hills  are  always  buried  under  stratified  lacustrine  deposits  or  under  8wampi> 


3'  Bar.  Minet,  1896,  Anthraxolite  or  Anthraoitio  Carbon,  by  A.  P.  Ck>l«iiian  and   W.  Hodfftoa 
EWt,  pp.   169-166. 
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.M  that  a  complete  fold  is  never  eeen.  In  almost  all  ckses  the  top  of  the  anticline  has 
beec  destroyed,  and  often  narrow,  sharp,  outlying  ridges  run  parallel  to  the  central 
hill,  ruins  of  former  upper  beda  of  the  anticline.  In  sice  the  anticlines  vary  oo&sid- 
erablf,  the  longest  mapped  having  a  length  of  2)  miles  and  a  width  of  about  a  quarter 
of  a  mile,  while  the  next  to  the  northwest  is  only  a  mile  long  and  760  feet  wide.  The 
sloptt  of  the  folds  vary  from  30°  or  25°  to  4€°  or  S0»,  and  the  present  height  of  the 
hills  is  seldom  more  than  160  feet  above  the  plain  fcrmed  by  the  old  lake  deposits. 
However,  in  crossing  these  anticlines  one  usually  finds  a,  more  or  less  steep  hill  fol- 
lowing the  beddins  and  then  a  sharp  break  with  a  nearly  vnrtical  clifi  of  />  to  15  feet, 
where  the  etrstum  has  been  destroyed.  Then  comes  another  ascent  of  gentler  slope 
along  the  next  stratum  with  perhaps  a  smaller  cliff ;  and  at  last  a  gently  rounded 
snrface  on  top  of  the  arch ;  the  opposite  side  being  of  the  same  nature  but  reversed. 

The  sandstone  occupiee  the  centre  of  the  synclinal  trough,  running  from  the  west 
end  of  Vermilion  lake  to  the  east  side  of  the  township  of   Hanmer,   a   distance  of   13 


Anticline  of  sandstone,  west  of  Chelmeford. 

miles,  with  a  width  of  about  three  miles.  It  is  probable  that  it  realty  extends  about 
8  milee  farther  toward  the  northeast,  but  that  part  of  the  basin  is  covered  with  old 
lake  deposits.  In  general  the  sandetone  does  not  form  a  continuous  area,  stretches  of 
flat  farm-land  or  of  swamp  sepftratiiiK  the  anticlines,  or  their  ruins  from  out'  nnother. 
No  attempt  has  been  made  to  map  the  numerous  small  outcrops  of  sandstone  where  little 
ridg^  representing  remnants  of  elongated  domes  rise  a  fciv  feet  nbovo  the  soil  with  a 
steep   face  toward  the  centre  of  the  ridge  and  a  gentler  slope  outwards. 

The  road  from  Larchwood  to  the  west  end  of  Yermilion  lake  touches  several  of 
these  outcrops  and  in  one  place  runs  for  some  distance  along  the  nearly  flat  surface 
of  an  anticline;  and  in  canoeing  up  the  Vermilion  from  the  lake  toward  Larchwood 
several  small  outcrops  represent  the  bases  of  anticlines  which  have  mostly  been  des- 
troyed. 
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The  neighborhood  of  Larchwood  presents  one  of  the  best  places  to  study  the  aand- 
stone,  eections  being  presented  by  wagon  roads,  the  railway  and  the  river,  which  here 
flows  first  parallel  to  the  strike  along  a  syucline  to  the  railway  bridge,  where  it  turns 
southeast  across  the  strike  of  a  broken  anticline,  forming  two  falls,  and  then  south- 
west again  along  the  strike. 

The  aandfitone  is  medium-grained  with  particles  of  quarte  and  of  mictt  risible,  u 
well  as  some  feldspar,  so  that  it  might  be  called  arkose.  It  is  not  very  strongljr 
cemented,  is  dark  gray  on  fresh  surfacGH  and  paler  gray  on  weathered  ones,  and  fre- 
quently contains  large  oval  concretions  richer  in  lime  and  iron  than  the  rest  of  the 
rock,  so  that  they  might  be  called  impure  ferruginous  limestone.  The  large  concretions 
weather  out  and  leave  EhalloiT  holes  which  give  a  very  characteristic  look  to  some  ol 
the  flanks  of  the  anticlines.  The  beds  are  from  two  to  seven  or  eight  feet  thick,  aod 
often  a  thin  seam  of  elate,  less  carbonaceous  than  the  slate  below,  occupies  the  break 


between  tno  strata.  Occasionally  this  slaty  part  of  the  rocks  has  been  greatlf 
crumpled  and  thickened  at  some  points,  probably  while  the  harder  sandstone  under- 
went folding. 

Between  Larchwood  and  Chelmsford  the  railway  runs  mainly  on  a  clay  plain  and 
seldom  cuts  the  sandstone,  the  route  having  been  chosen  so  as  to  avoid  the  aatidines, 
but  both  to  north  and  south  ridges  a  mile  or  two  long  and  from  50  to  150  feet  high 
rise  above  the  plain  with  slopes  ranging  from  20°  to  45°.  The  wagon  road  between 
the  two  places,  running  south  of  the  railway,  crosses  several  of  these  ridgea  but  tia 
to  the  south  of  the  Chelmsford  ridge,  ore  of  the  most  extensive  ones  which  has  been 
rather  carefully  studied,   and  may  be  taken  as  typical. 

It  begine  just  west  of  Chelmsford  with  the  appearance  of  a  dome,  small  hnttressta 
of  sandstone  ri^nR  n  fpw  feet  above  the  clay  with  slopes  of  15"  to  18"  toward  the  north. 
northeast,  east  and  southeast,  A  little  beyond  Chelmsford  creek  and  oouth  of  the 
railway  the  dome  rises  completely  above  the  clay  and  has  been  quarried  tor  bnildiag 
stone.  I'ho  cleared  surface  shows  shell  after  shell  of  gently  rounding  beds  ^o^H 
toward  the  plain,  but  to  the  aoutbeas^  &  s;k^  V«&  \watx  (^^  qmI  of  the  kntioUna  n  that 
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ft  small  ba;  penetrstes  the  outer  edge  from  the  plain.  Tbe  end  of  the  anttcliDe  is 
elightly  double,  a  very  gentle  depression  separatiog  &  higher  part  to  tho  northwest 
from  a  lower  swell  to  the  southeast.  Beyond  this  point  the  anticline  rises  with  a 
broken  top  to  tbe  height  of  from  75  to  125  feet  or  a  little  more,  and  keeps  this  height 
an'd  a  width  of  about  600  yards  for  about  a  mile,  when  it  sinks  somewhat  irregularly 
with  a  dome-like  form  into  the  plain.  The  direction  of  the  anticlinal  axis  is  ^f,  the 
length  is  2i  miles  and  the  width,  if  the  outer  remnants  of  strata  which  hare  been  des- 
troyed are  counted  in  also,  of  about  on^half  mile,  li  the  crest  of  the  anticline  were 
completed  from  the  outer  remnants  with  the  average  dip  of  18"  or  20^  at  the  edges, 
the  height  would  be  about  350  feet  above  the  plain. 

Another  anticline  to  the  north  of  the  railway  is  on  a  much  smaller  scale,  but  with 
■teeper  skipeB,   having  a  length  of  about  a  mile,   a  breadth  of   700  feet,   and  a   height 


West  ^de  anticline  of  sandstone  on  Vermilion  river.     I^rchwood. 

of  80  feet,  with  a  dip  of  36°  to  the  southeast  and  of  26°  northwest.  If  it  were  com- 
pleted its  height  would  be  about  12.5  feet  above  the  plain. 

An  anticline  at  the  Larchwood  railway  bridge  ha*  steeper  slopes  still,  one  side 
dipping  43"  northwest  into  the  river,  the  other  44"^  southeast  under  drift.  It  is  730' 
feet  wide  where  the  section  was  made,  and  if  restored  would  have  a  height  of  about 
200  feet  above  Vermilion  river:  As  fully  half  of  the  folds  from  trough  to  crest  is 
buried  under  the  clay,  we  may  suppose  them  to  measure  400  or  500  feet  in  total  height. 

Ii.  order  to  give  a  complete  idea  of  the  structure  of  the  sandstone  area  a  section 
has  bten  made  across  the  whole  width,  but  it  was  found  necessary  to  make  a  jog  of 
kalf  a  mile  in  one  place  and  of  a  quarter  of  a  mile  in  another  so  as  to  avoid  large 
swampe.  It  is  believed,  however,  that  the  section  as  worked  out  giv«8  the  general  re- 
Isttonehipa  correctly.  In  all,  four  anticlines  are  found,  the  two  which  havt  Vj««^  i«i- 
crtbed     a    little     west    of    Chelmsford    and    two    somew^iat   w\4ev    (m«a    \ju-«Mi.  'i>ci» 
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northwest,  the  last  one,  however,  seeming  moch  lessn'egolar  than  those  to  the  aontli- 
east.  Much  more  of  the  surface  is  covered  with  drift  towards  the  southeast  than  toward 
the  northwest,  and  the  rugged  sandstone  ridges  on  the  latter  side  are  uncleared  and 
not  so  easily  studied  as  those  rising  out  of  the  fields. 

After  the  last  fold  on  the  northwest  the  sandstone  dips  gently  toward  the  south- 
east frith  small  cliffs  facing  in  the  opposite  direction,  and  is  underlain  by  the  Onwatin 
slate.  On  the  southeastern  side  of  the  folded  central  region  there  is  a  similar  attitude 
of  the  beds,  but  the  slate  is  not  found,  so  that  evidently  the  lower  part  of  the  series 
is  buried.  The  contact  of  the  sandstone  with  the  slate  is  even  better  shown  on  the 
road  from  Larchwood  westward,  the  slate  at  that  point  dipping  20^  to  the  southwest 
under  the  sandstone.  The  dip  of  the  sandstone  near  the  hotel  at  Larchwood,  about  one 
eighth  of  a  jnile  from  the  contact  with  the  slate,  is  42^  to  the  southwest,  and  the 
thickness  has  been  worked  out  as  350  feet. 

To  the  northeast  of  Chelmsford  sandstone  ridges  covered  with  woods  continue  aome 
distance  north  of  the  railway  to  the  east  side  oi  Lumsden  township,  where  they  are 
well  exposed  on  the  road  from  Azilda  to  Trout  lake,  rising  first  above  the  day  a  little 
north  of  the  line  between  Rayside  and  Lumsden  townships,  as  a  small  ridge  striking 
northeast  and  dipping  10°  to  the  northwest.  There  is  a  cliff  of  15  feet  facing  south- 
east, and  this  outcrc^  may  be  part  of  the  first  anticlinal  ridge,  the  rest  not  rising 
above  the  clay.  After  three-fourths  of  a  mile  of  swamp  another  anticline  is  reached 
toward  the  northwest,  having  a  strike  of  75°  and  a  dip  o^  2^  toward  the  eouthoart 
with  a  corresponding  dip  in  the  opposite  direction. 

The  sandstone  continues  a  mile  or  two  farther  to  the  northeast,  and  the  antidinal 
hills  extend  for  about  the  same  distance  along  the  strike,  beyond  which  plains  of  daj 
and  sand  cover  the  rock,  so  that  the  northeastern  end  of  the  sandstone  area  cannot  be 
exactly  determined. 

SOURCES  AND  FORMER  EXTENT  OF  THE  SEDIMENTS 

The  sources  of  the  materials  of  the  sedimentary  series  are  not  easily  explained 
in  all  cases,  though  the  granitic  pebbles  and  boulders  of  the  basal  Trout  lake  con- 
gl(Mnerate  no  doubt  originated  in  the  underlying  granites,  especially  the  liaurentian; 
and  the  sand  of  the  quartzitic  layers  may  have  been  supplied  by  Huronian  quartsite. 
The  cherty  ingredients  of  the  upper  layers  may  have  been  deposited  frcHn  solution  like 
those  of  the  Animikie  of  the  west. 

The  water-formed   sedimentary   materials   mixed  with  the   Onaping  tuff    also  are 
easily  accounted  for,  as  they  are  mainly  granite,  quartzite  and  chert;  but  the  volcanic 
centers  from  which  the  explosive  eruptions  of  ash  and  lapilli  took  place  remain  undi^ 
coverable.     The  thickness  of  the  tuff,  eettimated  at  3,800  feet,  and  the  area,  of  about 
200  square  miles  covered  by  it,  if  continuous  beneath  the  slate  and  sandstone,  indicate 
a  total  amount  of  perhaps  130  cubi^  miles  of  material  still  preserved,  and  this  would 
be  increased  greatly  if  we  imagine  the  tuff  extended  so  as  to  cover  the  whole  area  of 
the  laccolithic  sheet,  which  was  no  doubt  the  case  in  the  beginning.     An  analjm  of  * 
sample  from  north  of  Whitson  lake  by  Prof.  Walker  indicates  a  composition  not  unlilce 
the  average  of  the  basic  and  acid  portions  of  the  nickel  eruptive,  and  fit  is  conceivable 
that  the  tuff  may  represent  an  earlier  eruption  from  the  same  magma,  actually  readui^ 
the  surface  in  volcanoes.  Until  some  trace  of  the  bases  of  old  volcanoes  is  dieeovered  tnii 
must,  however,  remain  doubtful.     Whatever  the  origin,  of  the  volcanic  materials  may 
have  been  they  seem  to  have  dropped  into  the  sea   and  to  have  been   mingiled  wiu 
waterwom   fragments  of  non-volcanic  rock. 

The  Onwatin  slate  may  be  looked  on  as  ordinary  mu3  mingled  with  organic  JoaXr 
ter,  probably  coming  from  marine  plants  or  animals;  and  th^  Chcto"^^^  sanow^ 
is  largely  arkose,  which  may  have  resulted  from  the  decay  of    a^oiBinS  Arciieaa  land. 

The  former  extent  of  the  sediments  must  have  been  much  greater  tlima  ^i»»  ^**"^fwl 
i|  is  very  little  evidence  o!  simWax  t«iV&  twm  the  sarroundme  ^atanda. 
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only  outside  example  of  the  tuff,  so  far  as  known  ^  is  a  small  patch  near  Bear  lake,  and 
the  other  rocks  of  the  series  have  not  been  found  with  certainty  anywhere  ih  the 
region.  Apparently  the  soft  sediments  have  been  destroyed  everywhere  beyond  the 
protective  wall  of  the  acid  edge  of  the  eruptive  and  oi  the  metamorphosed  base  adjacent 
to  it. 

Probably  the  most  nearly  similar  formation  elsewhere  is  the  Animikie  at  Port 
Arthur,  where  black  slate,  chert  and  arkose-like  rocks  sometimes  called  quartzite  occur, 
but  the  basal  conglomerate  there  is  thin,  and  there  is  nothing  that  suggests  explosive 
volcanic  eruptions  such  as  formed  the  great  sheet  of  vitrophyre  tuff. 

PLEISTOCENE   OF  THE  SUDBURY   DISTRICT 

Qiacial  Action 

The  geological  record  of  the  Sudbury  region,  as  shown  in  the  solid  rocks,  ends  in 
very  ancient  times,  certainly  not  later  than  the  Cambrian,  and  from  that  age  to  the 
Pleistocene  no  deposits  are  known,  probably  because  the  land  remained  above  sea  level. 
A  vast  amount  of  eroeion  must  have  taken  place  as  shown  by  the  cutting  down  of  the 
more  than  10,000  feet  of  sediments  which  once  spread  more  widely  than  the  present 
area  of  the  nickel-bearing  eruptive. 

The  thick  sheet  of  residual  materials  which  must  have  resulted  from  this  prolonged 
period  oi  weathering  and  erosion  has  been  completely  swept  away  or  worked  over  by 
various  agencies  in  the  Pleistocene.  Like  all  of  northern  Ontario,  the  Sudbury  district 
shows  the  effects  of  glacial  scouring  in  the  bare  and  usually  rounded  rocky  hill  tops, 
covered  with  striae  where  the  rock  has  not  suffered  from  post-glacial  weathering.  The 
usual  direction  of  the  ice  motion  is  from  N.  30°  to  N.  45^,  but  in  a  few  places  more 
than  one  set  of  striae  are  to  be  seen ;  as  near  Copper  Cliff,  where  later  and  less  incised 
striae  run  N.  15^,  and  at  Chelmsford  where  the  usual  scoring  having  a  direction  of 
N.  45*^  is  crossed  by  later  ones  running  from  N.  GO*'  to  N.  65^  It  is  probable  that  these 
divergent  striae  are  due  to  local  ice  currents  caused  by  the  shape  of  the  hills  and  do 
not  indicate  the  work  of  later  ice  sheets  coming  from  a  different  direction. 

There  are  parts  of  the  region  where  cliffs  facing  northeast  have  not  suffered  much 
rounding,  as  if  the  ice  pressure  had  been  unequal,  but  in  general  the  direction  of  the 
ice  movement  was  not  far  from  parallel  to  that  of  the  strike  of  the  ridges,  so  that  great 
abrasion  can  hardly  be  looked  for.  The  low  but  sharp  edged  cliffs  of  the  interior  sandstone 
ridges,  for  instance,  run  from  N.  50^  to  N.  80^  as  a  rule,  so  that  the  ice  advance  if 
not  parallel  was  only  slightly  diagonal  to  them. 

Certain  of  the  rocks,  such  as  the  basic  edge  of  the  nickel-bearing  norite,  crumble 
too  quickly  under  the  action  of  the  weather  to  preserve  ice  markings  or  even  roehes 
fnoutonneis  forms;  but  it  is  rather  surprising  to  find  how  often  the  ore  bodies  alcng 
offsets  from  the  norite  rise  as  gossan-covered  hills  which  have  resisted  ice  erosion,  as 
at   Copper  Cliff,  Evans  mine,  Stobie  mine,  etc.     It  may  be  noted  also  that  perfectly 
fresh   surfaces  of  pyrrhotite,  polished  and  grooved,  were  disclosed  at  Creighton  mine 
when  the  covering  of  till  was  stripped  off.    It  is  evident  that  boulder  clay  almost  her- 
metically seals  the  surfaces  on  which  it  rests. 

-ooulcJer  clay  and  sandy  varieties  of  till  occur   in  many  localities  in   the  region, 

**i>ec2aiij  QJ2  the  lee  side  of  hills  or  ridges,  but  they  cannot  be  traced  as  a  continuous 

-  ^  in    southern  Ontario,  no  doubt  because  this  part  of  the  area  covered  by  the 

•cforeaxi    ice  was   near  enough  to  the   centre   of   accumulation  to   be  much   more 

.  ^  ^acf«d    than  farther  south,  so  that  the  erosive  and  transporting  work  of  the 

®^  ir,0^   more  effective  than  towards  the  edge  where  it  was  thinned  by  melting. 

^  ^^S    *-^®  iie^j-eat  of  the  last  ice  sheet  morainic  ridges  were  left  in  many  places 

Q         •^i(»  ^•^fl^^^xclied    boulders  are  common  in  various  parts.     No  moraines  have 

:2nJ^!^    ^^  ^^^^J*  *^®  nature  of  our  rock  in    this    wooded    and   difficult    country 

t209f     .f^    ^    ^      ^wp€>saihle;  but  morainic  accumulations  were  found  to  be  specially 

He^M-    ^^Ug^^rthe^:n  nickel  range. 
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Horainic  ridges  and  kettle  ponds  occur  to  the  southweat  of  Windy  lak«,  Mtd  «  laB( 
esker.  teginniog  on  (be  peninsulB  which  projects  into  the  lake  on  its  southwest  corner, 
runs  northeast  along  the  basic  edge  of  the  nickel- bearing  eruptive  for  about  aix  milei 
toward  the  valley  of  Onaping  riFer. 

Bouldery  morainea  and  glacially  dammed  ponds  are  found  just  east  of  Sand  Cberry 
creek  in  the  north  part  of  Morgan  township,  and  sharp  ridge*  of  boulders  run  for 
about  three  miles  east  from  the  northwest  corner  of  Lumaden  township,  erideotly  ■ 
moraine.  A  similar  moraine  is  crossed  by  the  portage  between  Frenchman 'a  IaIm  and 
Joe's  lake  in  the  southern  part  of  Wianer  township ;  and  coarse  morainic  mat«rialt 
are  found  for  considerable  distances  to  the  west  of  Button  township  Bome  milea  to  the 
north  of  the  nickel  range. 

Kagie  deposits  are  frequent,  as  at  the  gravel  pit  just  west  of  the  town  of  Sudbury, 
where  irregularly  etratiGed  sand,  gravel  and  boulders  rest  on  a  beautifully  carved  and 
scoured  surface  of  quartzite. 


Kettle  Lake  in  drift,  near  McDonald's  camp.  Falconbridge  townehip. 

The  combined  action  of  ice  and  water  is  eicellentlj  shown  in  th«  wide  plaini  ^ 
sand  and  gravel  with  some  morainic  and  kame-like  hills  and  ridges  at  the  east  end  » 
the  southern  nickel  range,  from  Headquarters  toward  Blue  lake  and  WahnapitJ*. 
where  there  are  several  kettles  of  various  dimenaioM.  some  empty  bat  others  oociipiw 
by  a  pond  or  lake.  As  this  region  consists  largely  of  lake  depposita,  however,  it  w 
be  referred  to  more  at  length  under  that  heading. 


Lake  Deposits 

When  the  last  ice  aheet  (Wisconsin?)  retired  fKom  northern  Ontario  the  df«»P 
of  the  region  was  towards  the  Mississippi,  and  iia  the  earlier  stagea  the  area  of  * 
great  upper  lakes  was  Urgely  covered  by  lake  W7arren.         In   the  later  stagss  '•» 


ler   laaes   was   largely   covered    by   late    v-vanou-  — __— 

I  was  the  representative  of  the  upper    Xak«,    emptying    mainly  by  w»I  • 
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Niagara,  but  for  a  time  through  the  Trent  valley,   into  lake  Iroquois,  whose  outlet 
was  through  the  Mohawk  valley  into  the  Hudson. 

The  beaches  of  lake  Warren  are  probably  the  highest  in  the  region,  reaching  1,100 
or  1,9^  f^^t  above  sea  level  along  the  northern  nickel  range,  and  even  1,400  feet  within 
40  miles  to  the  north,  as  at  Meteor  lake. 

Cartier,  somewhat  to  the  northwest  of  the  nickel  region,  is  built  on  a  gravel 
terrace  1,367  or  1,398  feet  above  the  sea,  representing  the  highest  lake  deposits  in  the 
district  along  the  line  of  the  railway,  except  a  gravel  flat  near  Geneva  lake,  4  or  6 
miles  beyond,  which  reaches  about  1,400  feet.  No  beaches  as  high  as  these  have  been 
found  in  the  nickel  region  proper,  but  along  the  northern  range  somewhat  lower  ter- 
races occur  at  many  points,  often  three  in  succession.  The  following  table  gives  the 
elevation  of  most  of  the  terraces  known  in  the  Sudbury  district: 

Feet. 

Meteor  lake— sand  and  gravel  terrace   1,420 

Geneva  lake — gravel  terrace   1,400 

Cartier — gravel  plain,  (1,367  from  Montreal),  1,398  (from  L.  Sup.) 

Lake  expansion  of  Spanish   river — gravel  plains    1,335 

Muskegogema   lake — ^gravel   plains    1,316 

Near   Onaping,   Windy    lake — gravel  plain    1,216 

Mooee    creek — gravel    plain    1,110 

Onaping    siding — sand   plain    1,057 

Phelan's  siding — sand    and   gravel    plain    927 

Trout  lake  in  Morgan  township — gravel   plain   1  123 

Island  creek — gravel  plain  1,163 

"  lower    terrace    1,057 

Trout  lake  in  Bowell  township,  and  region  to  south: 

**  between  Trout  lake  and  next  lake  1,216 

**  south  of   2nd  lake— gravel  flat    1,160 

1,110 

North  of  Vermilion  river — sand  plain  950 

Terrace   along   river — sand   plain    926 

Rayside  or  Azilda — clay  plain  881 

Hutton   township,  Osborne's   camp — gravel  terrace    1,090 

Upper  Vermilion  river,    Gordon's  placer  claim — ^gravel  terrace  1,047 

**  "  west  of   Bronson  lake — gravel  terrace    1,060 

<<  II  ft  tt  It  970 

"  "  Dawson — main    gravel   terrace    958 

**  '*  One  mile  east  of  Dawson — bonldery  terrace      950 

North  of  Onwatin  lake  on   Dawson  Road— terrace   1,000 

South  of  Onwatin  lake— sandy  plain  9(X) 

Near  the  southern  nickel  range: 

North  of  Fairbank  lake — gravel  terrace    1,050 

North  of  Wort hington— clay   plain    775 

Near  Sudbury    and  Copper  Cliff,  north  of  smelter— sand  terrace   ...      934 

Cemetery  north  of  Sudbury — gravel  terrace   877 

Clay   flat    850 

Headquarters,    east   side  of  Garson   township— sand   plain    1,080 

Many  other  terraces   and   flat   plains   of  clay,   sand   or  gravel   were  observed,  but 
owing  to  weather  conditions  or  length  of  absence  from  a  bench-mark  my  aneroid  read- 
ings seemed  too  uncertain  to  be  relied  upon.     In  the  above  table  heights  determined 
K     h^^^A^]  *!^^^'*'^'^  ^^  *^®  nearest  round  number;  other  elevations,  mainly  determined 
th      *",.  ^^^  .'^^^^       railway  bench-marks,   are  given  more  exactly.      As  the  hills  along 

..J!Lf  ^fwf"  ^'^^^^       ''***«®  rise,  as  a  rule  200  or  300  feet  higher  than  along  the  southern 
range,  there  wera  ■  ... 

m:^    tore  opportunities  to  record  the  higher  beaches  there.     Still  farther 
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to  the  north  near  the  watershed  between  the  great  lakes  and  the  riyers  flcwing  into 
Hudson  bay  there  is  a  broad  tract  of  stratified  sand  and  gravel  with  numerous  kettle 
lakes  at  about  the  level  of  Meteor  lake  (1,400  feet). 

In  a  general  way  one  may  say  that  the  highest  terraces,  say  those  above  1,200  feet, 
belong  to  lake  Warren,  and  the  lower  ones  down  to  about  900  to  lake  Algonquin.  Still 
lower  gravel  terraces  may  belong  to  some  intermediate  stage  between  it  and  lake 
Nipifising.  Until  the  connections  have  been  worked  out  it  must,  however,  remain  un- 
certain just  where  a  given  terrace  should  be  placed  in  the  series  of  old  lakes  from 
Warren  downwards.  As  lake  Nipissing  is  only  648  feet  above  sea  level,  and  the  level 
of  old  lake  Nipissing  was  not  very  much  higher,  it  is  evident  that  none  of  the  water- 
levels  of  the  Sudbury  region  belong  to  it,  all  being  considerably  too  high. 

In  the  highest  stages  of  lake  Warren  the  basin  enclosed  by  the  nickel  ranges  was 
completely  submerged  with  only  the  higher  hills  along  the  northern  edge  standing 
above  water  as  a  low  rocky  shore  or  as  small  islands.  At  this  time  indeed  most  oi  the 
basin  may  still  have  been  occupied  by  ice;  but  as  the  ice  front  retreated  the  regi<m  to 
the  northeast  was  rising,  so  that  the  enlarging  waters  of  the  lake  stood  relatively 
lower  and  lower  here  towards  itfi  northern  end,  forming  the  succession  of  terraces 
mentioned. 

By  the  time  when  lake  Warren  was  drained  to  the  lower  level  of  Alsonqinii  the 
water  had  so  far  fallen  that  the  interior  of  the  basin  became  a  bay  completely  endosed 
except  at  a  few  channels  opening  southwards  across  the  southern  nickel  rani^^y  as  akmg 
the  valley  of  Vermilion  river. 

While  the  broad  gravel  plains  were  being  constructed  at  the  higher  levels  eand  wis 
being  deposited  in  the  shallow  water  and  silt  and  clay  in  deeper  parts,  formiiig  the 
flat  plain  of  clay  and  sand  standing  at  levels  between  750  and  900  feet,  affording  ssmal 
townships  of  good  land  now  largely  taken  up  by  farmers.  In  general  the  valleys  of  the 
rivers  and  creeks  are  cut  more  or  less  deeply  into  these  deposits  showing  findy  strati- 
fied clay  often  covered  with  a  few  feet  of  yellow  sand.  Along  the  wateroonrass  sand 
prevails  for  a  few  hundred  yards  or  half  a  mile,  but  inland  from  the  streems  day 
is  found.  These  deep-water  deposits  are  often  quite  thick  and  fill  up  all  deprssnons 
in  the  older  rocks  to  a  common  level  out  of  which  the  steep  walled  hills  rise  suddenly 
with  very  little  talus  to  blend  their  slopes  into  the  plain.  The  contrast  in  coming  from 
the  excessively  rugged  and  precipitous  hills  formed  by  the  acid  edge  of  the  nickel- 
bearing  eruptive  and  the  hardened  conglomerate  and  tuff  to  the  plains  of  clay  near 
Azilda  or  Chelmsford  is  very  striking. 

The  depth  of  the  stratified  clay  has  seldom  been  determined,  but  in  one  case, 
north  of  the  railway  at  Azilda,  a  well  was  driven  to  a  depth  of  105  feet  without  touch- 
ing rock. 

It  is  probable  that  the  retreating  ice  occupied  the  region  east  of  Headquarters 
for  some  time  toward  the  end  of  the  series  of  Warren  water  levels,  and  the  stagnant 
ice  of  its  edge  frequently  got  buried  under  shore  deposits  of  sand  and  gravel,  to  thaw 
at  a  later  time  and  leave  the  irregular  basins  which  are  called  ''kettles."  These  have 
walls  of  sand  or  gravel  as  steep  as  the  materials  will  lie  with  a  fairly  flat  marshy  floor 
drained  through  some  pervious  layer  or  a  lake,  often  with  no  apparent  outlet.  One 
of  these  basins  on  the  road  to  lake  Wahnapitae  is  three-quarters  of  a  mile  in  length 
by  a  quarter  of  a  mile  in  breadth,  and  165  feet  deep.  Part  of  the  bottom  is  occupied 
by  a  pond  said  to  be  60  feet  deep. 

The  source  of  the  materials  for  the  large  gravel  plains  along  the  northern  nickel 
range  and  farther  north  toward  the  height  of  land  is  to  be  found  probably  in  glaciil 
gravels  of  a  kame-like  character  which  the  waves  of  the  great  lake  at  the  front  of 
the  ice  distributed  as  they  were  brought  down  by  the  sub-glacial  rivers,  which  have 
left  behind  esker  ridges  in  various  places. 
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Distribution   of  Lake  Deposits 

Th«  Uciutrine  clay  which  includes  most  of  the  farm  land  of  the  Sudbury  r^on 
haa  almost  the  flatness  if  not  the  ext«nt  of  the  prairies,  and  covers  not  alone  large 
tracts  in  the  interior  basin  but  also  to  the  south  of  the  nickel  range.  In  the  interior 
basin  clay  land  suitable  for  farming  begins  along  the  ahiwes  of  Vermilion  lake  in  the 
north  half  of  Fairbank  township,  fine  groves  of  maples  and  other  deciduous  trees 
ooenpying  a  mile  or  two  along  the  northwest  side  of  the  lake  on  low  land  of  a  silty 
nature.  To  the  east  the  flat  clay  plain  with  some  ridges  of  slate  rising  through  it 
extends  to  the  southward  bend  of  the  Vermilion  river  and  as  a  narrow  band  along  the 
river  valley  to  the  falls  (17  feet)  in  the  sDutheast  corner  of  Creighton  township,  and 


Farm  land,  Azilila  ;  from  cliH  of  Acid  Eruptive, 
then  to  the  north  shore  of  Whitewater  lake,  where  it  projects  some  distance  into  the 
acid  edge  of  the  nickel-bearing  eruptive  beyond  Rayside  or  Azilda.  The  two  southward 
extensions  of  the  clay  occupy  parts  of  two  low  pasaes  in  the  southern  rim  of  the  basin, 
the  exit  of  Vermilion  river,  which  carries  the  whole  drainage  of  the  basin,  being  of 
course  the  lower  of  the  two,  having  a  level  of  about  800  feet  above  sea  level. 

The  southern  clay  band  then  turns  northeast  through  parts  of  the  townships  cf  Ray- 
side,  Blesard,  Hanmer  and  Capreol,  in  the  latter  township  becoming  silty  and  sandy,  but 
still  affording  good  land  now  being  rapidly  taken  up  by  settlers.  At  the  southeast  end 
of  Capreol  the  loamy  plains  give  place  to  glacio-lacustriue  plains  of  gravel  with  kames 
and  moraines  and  kettle  holes,  as  mentioned  esrlier,  unfit  for  farming;  and  to  the 
northeast  rise  the  hills  of  the  acid  edge. 

To  the  northwest  of  the  clay  belt  just  referred  to  good  land  extends  into  the 
southern  half  of  Dowling,  here  becoming  more  eandy  in  tharacter  until  it  merges  into 
the  sand  and  gravel  plains  along  the  northwestern  niargin  of  the  basin.  Except  for 
anticlinal  ridgee  of  the  central  sandstone  there  is  good  clay  soil  from  Larcfawood  to 
Chelmsford  and  on  northeastwards  to  Hanmer  township.    A\oTt&  fti«  'VermSCvni  xv)*i 
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and  to  tlie  north  of  it  the  lowland  consists  mainly  of  useless  sand  and  gray^  plains 
with  stony  gravel  terraces  in  the  openings  of  the  hills  along  the  acid  edge  of  the 
northern  nickel  range.  The  villages  of  Chelmsford,  Larchwood,  Azilda  and  Blesard 
Valley  are  growing  up  as  prosperous  centres  for  the  farming  region. 

South  of  the  nickel  range  the  areas  of  good  clay  land  are  more  scattered  and  of  leu 
extent,  owing  to  the  more  resistant  character  of  the  Archean  rocks  as  compared  irith 
the  sediments  of  the  interior  basin.  A  considerable  number  of  farms  extend  from 
Sudbury  north  to  Btobie  and  northeast  into  Garson  and  Neelon  townships ;  but  farther 
northeast  the  land  becomes  sandy  and  passes  sinto  gravel  plains  near  Headquartecs, 

There  are  small  areas  of  good  soil  southwest  of  Sudbury  along  the  Sault  branch  of 
the  Canadian  Pacific  near  Copper  Cliff,  Naughton,  Whitefish,  Worthington  and  other 
points,  each  occupied  by  a  few  farmers;  and  there  are  still  wooded  tra<^  of  rolling 
clay  land  to  the  north  of  the  railway  in  various  places  suitable  for  settlement. 

More  or  less  good  land  extends  along  the  Icwer  ground  adjoining  the  Sault  line  to 
Lake  Huron,  Sault  Ste.  Marie  and  Goulais  bay  on  Lake  Superior;  but  this  goes  beyond 
the  district  now  under  consideration.  In  these  western  regions  as  toward  the  east,  one 
finds  the  low-lying  clay  rising  toward  the  north  and  becoming  mixed  with  sand,  end- 
ing with  sand  and  gravel  terraces  along  the  rocky  hills  which  rise  a  few  miles  from 
the  shore  of  the  lake. 

Qravel  Plains  and  Terraces 

Gravel  plains,  or  flats  of  sand  and  gravel,  extend  between  the  Archean  hills  far 
to  the  northwest  of  the  Sudbury  district,  and  have  been  put  to  use  by  the  Canadian 
Pacific  railway,  which  always  locates  its  sidings  and  stations  on  such  plains  if  possible. 
Within  the  limits  of  our  map  such  plains  exist  near  Geneva  lake,  at  Cartier,  art  Windj 
lake  siding  and  at  Phelan^s,  the  last  point  being  within  the  basin  here  described.  The 
gravel  plains  around  i'helan's  and  Onaping  extend  northwards  along  the  Onaping 
valley  to  the  mouth  of  Moose  creek.  Similar  sand  and  gravel  terraces  stretch  bay-like 
into  all  the  river  valleys  which  come  south  through  the  northern  nickel  range,  as  along 
Island  and  Sand  Cherry  creeks  in  Morgan  township,  Nelscn  river  and  the  region  south 
of  Trout  lake.  They  are  found  too  along  Rapid  river  and  south  of  the  Frenchman's 
lakes  in  northern  Hanmer  extending  to  Vermilion  river  north  of  Onwatin  lake. 

Away  to  the  north  for  40  miles  sand  and  gravel  with  eskers,  kames  and  kettle 
ponds  and  lakes  extend  along  the  Vermilion,  the  headVaters  of  the  Wahnapitae  and 
around  Meteor  lake,  itself  an  immense  kettle  walled  with  gravel. 

This  irregular  chain  of  gravel  plains  running  up  from  1,050  feet  above  sea  in  the 
south  to  1,400  in  the  north  at  the  watershed  is  of  interest  as  containing  placer  gold, 
sometimes  50  or  100  very  fine  colors  being  got  in  a  pan,  though  ujsually  the  number  is 
much  less.33 

Southeast  of  the  •^a'-t  end  of  the  nickel  basin  is  the  large  sand  and  gravel  area 
referred  to  before  near  Headquarters,  including  parts  of  the  townships  of  Cflpreol. 
Maclennan,  Garson  and  Falconbridge,  and  covering  for  a  space  the  basic  edge  of  the 
southern  nickel  range.  Here,  as  on  the  Vermilion  south  of  the  west  end  of  the  range 
and  also  along  the  line  of  the  Canadian  Pacific  west  of  Sudbury,  there  is  a  sinking 
in  the  hardened  tuffs  and  the  acid  edge  of  the  nickel-bearing  rock,  which  in  the  later 
times  of  the  glacial  lakes  formed  a  channel  between  the  bay  enclosed  in  the  basin  and 
the  broad  lake  to  the  south  and  west. 

The  sandy  and  gravelly  terraces  and  plains  were  formerly  covered  with  a  good 
growth  of  pine,  but  in  most  parts  this  has  been  cut,  and  too  often  fire  has  run  since, 
reducing  the  plains  to  barren  wastes  or  a  low  scrub  of  second  growth  jack-pine. 


33 


Bar.  Minei,  1897.  pp.  256-9;  and  1901.  pp.  151-9. 
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PETROQRAPHICAL  SECTION 

Petroi^raphy  of  the  Nickel  Eruptive 

Since  it  was  difioovered  by  Professor  T.  L.  Walker  in  1897  that  the  basic  rocks 
associated  with  the  Sudbury  nickel  ores  pass  by  insensible  gradations  into  acid  rocks 
having  the  composition  of  granite,  it  has  been  difficult  to  give  a  petrographical  name 
to  the  whole  mass  of  eruptive  rock,  now  known  to  form  a  synclinal  sheet  a  mile  and  a 
quarter  thick  on  the  average.  It  would  be  manifestly  incorrect  to  name  it  either 
norite  or  granite,  so  that  hitherto  in  this  report  non-committal  terms  such  as  the 
''nickel  eruptive"  or  the  ''nickel-bearing  eruptive"  have  been  employed.  Before  Prof. 
Walker's  discovery  the  basic  side  of  the  sheet  was  mapped  separately  as  greenstone, 
and  such  names  as  diorite  and  diabase  were  applied  to  it,  naturally  enough,  since  the 
ordinary  weathered  phase  shows  no  pyroxene,  and  to  a  certain  extent  there  is  a  sug- 
gestion of  ophitic  structure  in  the  rock.  In  1892  Baron  von  Foullon  showed  that  the 
fresh  rock  at  Murray  mine  is  norite ;  and  it  is  certain  that  one  of  the  samples  from 
a  supposed  dike  at  the  Blezard  mine,  sent  by  Dr.  Bell  to  Prof.  Q.  H.  WilliamA  for 
identification,  and  named  quartz-hypersthene  gabbro,  was  really  from  the  basic  edge 
of  the  eruptive,  so  that  the  true  nature  of  the  rock  had  already  been  shown  in  1890.34 
in  1893  the  present  writer  noted  the  presence  of  gabbro  containing  diallage  and 
enstatite  associated  with  ore  in  the  northern  nickel  range.35 

The  acid  phase  of  the  sheet  has  been  variously  named  syenite,  gneiss,  granite  and 
micropegmatite,  and  there  is  some  justification  for  all  of  these  names,  since  the  rock 
contains  considerable  quartz,  but  almost  always  pegmatically  intergrown  with  feldspar, 
so  as  to  be  invisible  to  the  naked  eye,  and  there  is  frequently  a  distinct  gneissoid  or 
schistose  structure.  In  former  reports  on  the  region  the  acid  side  of  the  eruptive 
has  been  mapped  in  manv  cases  as  Laurentian  gneiss  but  occasionally  as  a  Huronian 
schist,  and  never  as  granite  or  syenite,  except  by  Prof.  Walker  in  the  sketch  map 
accompanying  the  paper  mentioned  before.  That  tlie  rock  was  a  micropegmatite  in 
structure  was  noted  by  the  present  writer  in  connection  with  the  northern  range,  but 
it  was  not  observed  that  the  basic  and  acid  phlases  belonged  to  the  same  sheet  of 
eruptive  rock. 

Excellent  accounts  of  the  nickel  eruptive  have  been  given  by  Prof.  Walker  in  his 
Inaugural  Dissertation  and  by  Dr.  Barlow  in  various  Geological  Survey  reports, 
especially  his  latest,  published  in  1904  ;35  and  detailed  accounts  of  the  rock  as  shown 
in  various  sections  across  the  eruptive  have  been  given  in  former  reports  of  the  Bureau 
of  Mines.30  Since  the  last  report  was  written  the  eruptive  has  been  examined,  in 
some  new  localities,  and  it  will  be  useful  to  give  the  results  as  a  whole  in  this  final 
report  on  the  region. 

That  good  sections  across  the  whole  width  of  the  eruptive  are  found  along  the 
G.  P.  R.  between  Murray  mine  and  Azilda,  and  near  Onaping,  has  been  well  shown  by 
Prof.  Walker;  and  several  other  fairly  good  sections  occur  at  some  of  the  lakes,  such 
as  Fairbank  lake,  Whitson  lake,  Blue  lake  and  Joe's  lake.  Some  of  the  wagon  roads 
of  the  region  also  give  good  exposures,  as  from  Blezard  to  the  north  end  of  Whitson 
lake,  and  between  the  Emery  Headquarters  and  Capreol  township.  Most  of  these 
sections,  which  are  from  three  to  four  miles  long,  have  been  briefly  mentioned  in  the 
detailed  account  of  the  nickel  ranges.  One  very  interesting  section  across  the  nar- 
rowest portion  of  the  range  in  the  northeast  part  of  Morgan  township  is  very 
inaccessible,  but  specimens  have  been  obtained  from  each  edge. 

Two  of  these  sections  may   be  chosen   as  typical,    the  ore   from   Murray  mine  to 
.  Azilda  and  the  section  at  Onaping. 

34  G.  8.  Can.,  1890.  Part  F,  p.  77.  35  Can.  Reo.  of  Science.  Apr..  1893,  p.  344. 

?s  G.  B.  CJ  Vol.  XIV.  Part  H. 

36  Bur.  Mines,  1903.  pp.  293-6;  and  1904.  pp.  208-213. 
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THE  MURRAY  MINE  SECTION 

Th«  norite  near  the  Murray  and  Elsie  mines  ia  dark  gray,  coarse-grimed,  and 
contains  blebs  of  blue  qnarte  and  flakes  of  mica,  which  are  easily  seen  without  a  l«>u. 
There  is  a  tendency  to  the  ophitic  structure  in  some  specimens  but  not  in  others,  and 
there  is  a  great  difierence  aa  to  freshnees.  The  rock  weathers  readily  into  rounded 
forme  half  embedded  in  coarse  sand  resulting  from  its  own  decay. 

Fresh  thin  sections  consist  mainly  of  plagioclase  and  hyperstheno  with  a  little 
augite,  quartz  and  biotite,  the  plagioclase  having  the  extinction  angles  cf  labradoritc. 
The  feldspar  makes  up  tno<thirds  of  the  rock  in  my  beet  section  and  the  hyperathene 
a  quart«r,  the  latter  mineral  being  pleochroic.  There  are  also  a  slightly  pleochroic 
augite  in  small  quantities,  a  little  biotite,  and  a  very  little  hornblende.  Sometimes 
the  hypersthene  has  good  crystal  forms  against  the  feldspar  and  sometimee  the  rerene. 
Quarts  forma  wedges  between  the  rather  platy  feldspars,  which  are  fresh  but  hare  a 
pale  brownish  color. 


Canadian'Copper  Company's  new^smelter  from  northeast. 

A  specimen  from  the  mine  itself,  containing  several  per  cent,  of  ore  difiers  from 
the  one  described  in  having  lees  ptagioclase  than  hypersthene  and  very  little  quarts, 
and  there  are  also  variations  in  the  amount  of  biotite,  so  that  the  Broportio&a  of  tlw 
minerals   normally   forming   the  rock   are  somewhat   uncertain. 

Most  of  the  norite  from  Murray  and  Elsie  mines  is  however  no  longer  fr««li 
enough  to  retain  the  pyroxene,  which  has  been  transformed  into  rather  compsct- 
looking  hornblende  in  some  cases,  and  in  others  to  uralite  or  serpentine.  The  plagio- 
elase  remains  fresh,   however,  and  the  biotite  eeems   unchanged. 

For  a  mile  and  a  half  to  the  northwest  along  the  railway  there  is  little  change  b 
the  norite,  except  for  an  increase  in  the  amount  of  quart*  which  btu  more  or  Ie«  of 
•  graphic  intergrowth  with  the  ieVdft^u,  \>at  >a«3aTvd  this  the  weathored  aarfaee  *f 
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the  rock  becomes  reddish  and  suggests  a  dark  syenite.  Thin  sections  disclose  quartz 
and  plagioclase  with  biotite,  secondary  hornblende  and  apatite,  the  first  two  minerals 
largely  intergrown  as  micropegmatite  which  radiates  from  a  crystal  of  andesine.  There 
may  be  a  little  orthoclase,  but  in  the  main  the  feldspars  are  of  the  soda-lime  varietieB, 
so  that  the  rock  should  be  named  micropegmatitic  quartz  diorite. 

Nearer  the  acid  edge  of  the  eruptive  the  rock  does  not  change  much  in  appearance 
except  to  grow  more  schistose,  and  thin  sections  differ  only  in  containing  more  micro- 
pegmatite  and  also  more  unfitriated  feldspar,  so  that  it  should  be  classed  as  pegmatitio 
granodiorite  or  granite.  Where  the  schistosity  is  pronounced  there  is  often  too  much 
crushing  to  show  the  micropegmatite  distinctly. 

The  series  collected  on  the  road  from  Blezard  north  to  the  end  of  Whitson  lake 
is  very  similar  to  that  jufit  described,  except  that  there  is  less  schistose  structure  toward 
the  acid  edge.  The  norite  at  a  point  a  little  north  of  the  mine  was  found  by  Prof. 
Walker  to  be  the  freshest  in  the  region,  and  thin  sections  are  very  handsome.  Plagio- 
clase (labradorite),  hypersthene,  diallage  and  biotite  make  up  the  most  of  the  section, 
but  some  hornblende,  probably  secondary,  quartz  partly  as  pegmatite,  and  apatite 
are  found  also. 

Prof.  Walker  has  published  analyses  of  specimens  taken  somewhat  to  the  east 
of  the  road  along  the  shore  of  Whitson  lake  and  his  results  will  be  given  later  along 
with  rock  analyses  from  other  parts  of  the  range.  His  work  shows  an  increase  in 
silica,  potash  and  soda  from  south  to  north  and  a  decrease  in  lime  and  magnesia, 
corresponding  to  the  change  in  mineral  composition  of  the  rock.37  Both  of  the 
sections  just  described  include  considerable  masses  of  granite  and  of  re-arranged  arkose, 
whic*li  have  been  left  out  of  account  in  the  description. 

THE  ONAPING  SECTION 

The  best  section  across  the  northern  nickel  range  is  one  which  Prof.  Walker  first 
described,  following  the  railway  from  Windy  lake  to  Onaping  from  basic  to  aqid  edge, 
reversing  the  order  found  at  Murray  and  Blezard  mines.  Railway  cuttings  provide 
a  very  complete  series  of  specimens  which  differ  considerably  in  appearance  from  those 
described  from  the  southern  range. 

At  the  basic  edge  the  rock  is  rather  coarse-grained  and  of  a  much  lighter  gray 
color  than  the  corresponding  rock  at  Murray  mine.  There  follow  syenitic-looking  rocks 
made  up  of  flesh-colored  and  green  minerals,  and  finally  near  the  acid  edge  greenish 
gray  rocks  rather  finer-grained  and  with  lath-shaped  feldspars.  No  part  of  the  series 
is  schistose,  indicating  less  squeezing  and  shearing  than  on  the  southern  range. 

Gtoing  eastwards  along  the  railway  from  Windy  lake  siding  Laurentian  is  seen  for 
a  quarter  of  a  mile,  when  drift  and  an  esker  ridge  cover  the  rock  for  a  distance.  At 
the  northwest  end  of  Windy  lake  gray,  dioritic-looking  norite  crops  out,  rather  coarte 
and  speckled  in  appearance,  consisting,  as  seen  under  the  microscope,  mainly  of  plagio- 
clase, hypersthene  and  augite,  with  a  little  quartz,  biotite,  and  hornblende,  many  prisms 
of  apatite  and  some  magnetite.  The  plagioclase,  which  is  clear  and  colorless  and 
makes  up  about  half  of  the  rock,  has  extinction  angles  corresponding  to  andesine  or 
labradorite,  and  is  generally  hypidiomorphic ;  while  the  hypersthene  is  idiomorphic. 
This  mineral  presents  some  anomalies,  since  some  crystals  showing  the  usual  pleochroism, 
red  brown,  pale  brownish  green  and  pale  yellowish,  have  parallel  extinction,  while 
others  extinguish  at  various  angles  up  to  28  degrees.  Diallage,  brown  and  fibrous- 
looking,  non-pleochroic,and  with  an  extinction  angle  of  about  45  degrees  occurs  in  small 
quantities  also;  the  small  amount  of  hornblende  present  forms  margins  about  the 
minerals  just  mentioned;  and  the  brown  biotite  is  present  only  in  trifling  quantities. 

A  specimen  from  a  cutting  a  hundred  yards  east  is  coarser  grained  and  not  quite 
so  fresh,  but  daes  not  differ  greatly  in  composition.     An    analysis    of   this    rock    given 
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later,  shows  56.89  per  cent,  of  silica,  considerably  more  than  Professor  Walker  found 
in  norite  from  Blezard  mine  on  the  southern  range. 

iPifty  yards  farther  east  coarse  red  syenitic-looking  rock  begins  and  lasts  to  Onaping 
station,  showing  in  varioufi  cuttings.  Thin  sections  t>rove,  however,  that  the  rock 
contains  a  large  amount  of  quartz  mostly  pegmatitically  intergrown  with  feldspar,  but 
partly  as  fairly  large  clear  spaces,  so  that  it  is  too  acid  for  syenite,  and  an  analysis 
given  later  ccnfirms  this  by  showing  68.48  per  cent,  of  silica.  The  feldspars  are  ver} 
badly  weathered,  but  the  well  formed  crystals  making  the  starting  point  for  micro- 
pegmatite  seem  to  be  all  plagioclase^  though  the  analysis  proves  that  potash  and  soda 
are  present  in  about  equal  amounts,  (KgO  3.36,  Na,0  3.72),  so  that  the  feldspar  in 
the  pegmatite  must  be  chiefly  orthoclase.  The  dark  minerals  include  secondary  look- 
ing hornblende  and  the  mineral  resembling  epidote  named  by  Professor  Walker  wodi- 
lerite.  The  last  specimen  collected  to  the  west  of  Onaping  station  has  extraordinarily 
slender  prisms  of  feldspar,  which  strike  the  eye  immediately  on  frosh  surfaces. 

To  the  east  of  the  station  the  appearance  of  the  rock  changes  and  it  becomes 
greenish  gray  and  finer-grained ;  though  the  microscope  phows  little  difference  excepi 
the  presence  of  more  hornblende.  An  analysis  proves  that  this  rock  is  less  acid  than 
the  red  variety  west  of  Onaping,  since  it  contains  only  61.93  per  cent,  of  silica. 

At  the  margin  of  the  eruptive  against  the  basal  conglomerate  beneath  the  tuffs, 
it  becomes  finer-grained,  though  still  green  and  dioritic-looking ;  and  thin  sections 
show  short,  stout  crystals  and  little  micropegmatite,  the  quartz,  which  is  present  in 
considerable  amount,   being  mostly  granular. 

The  sections  just  described  may  be  looked  on  as  typical,  since  they  include  fresh 
norite  and  cover  the  full  width  of  the  eruptive,  four  miles  on  the  southern  range, 
and  about  two  and  a  half  in  a  straight  line  on  the  northern.  Each  begins  with  quartz- 
biotite-norite  on  the  basic  edge,  passes  through  intermediate  stages  in  which  micro- 
pegmatite  occurs  in  increasing  amount,  and  ends  in  a  rock  consisting  mainly  of 
micropegmatite  enclosing  crystals  of  andesine  with  hornblende  and  biotite,  having  a 
chemical  composition  corresponding  to  grano-diorite.  There  is  one  very  important 
difference  between  the  southern  and  the  northern  sections,  which  are  arranged  in 
op])Osite  directions  to  one  another,  each  having  its  basic  edge  outwards  from  the  central 
line  of  the  eruptive  sheet.  The  southern  range  has  a  mile  and  a  half  or  possibly  two 
two  miles  of  the  more  basic  rock,  norite ;  while  the  northern  range  has  only  a  quarter 
of  a  mile  which  can  properly  be  reckoned  to  ncrite.  The  acid  portion  of  the  sections 
is  about  equal,  but  the  basic  portions  are  very  unequal.  This  probably  has  some 
bearing  on  the  fact  that  large  amounts  of  nickel  ore  occur  on  the  part  of  the  southern 
range  selected  for  study,  while  no  ore  is  found  at  the  basic  edge  of  the  northern  range 
where  the  section  was  made  and  where  the  norite  is  small  in  amount. 

It  is  of  interest  to  compare  with  the  sections  just  given  the  rocks  found  at  the 
basic  and  acid  edges  of  the  narrowest  part  of  the  northern  range,  near  the  northeast 
corner  of  Morgai  township.  The  specimens  show  little  difference  to  the  eye,  though 
the  one  from  the  acid  edge  has  a  faint  tinge  of  flesh-color  which  is  lacking  in  the  other. 
Thin  sections  show  considerable  differences,  however.  One  from  the  basic  edge  con- 
tains mainly  feldspar  with  micropegmatite  radiating  from  it.  hornblende  and  chlorite, 
the  feldspar  being  largely  plagioclase  not  far  from  andesine  in  optical  characters,  but 
with  some  untwinned  crystals,  probably  of  orthoclase,  and  one  peculiar  crystal,  un- 
striated  but  containing  irregular  patches  of  plagioclase  having  low  extinction  angles 
from  twin  planes.  Micropegmatite  running  into  areas  of  unmixed  quartz  makes 
about  a  fourth  of  the  section.  The  augite,  partly  very  fresh,  is  nearly  colorless  and 
not  appreciably  pleochroic.  The  rock  has  not  the  usual  character  of  the  basic  edge, 
being  without  hypersthene  (or  pleochroic  pyroxene)  or  biotite  among  dark  minerals, 
and  containing  a  good  deal  more  than  the  usual  proportion  of  micropegmatite  and 
orthoclase.  One  may  hold  that  the  true  basic  edge  is  absent  at  this  narrow  portion 
of  the  eruptive,  and  that  the  rock  just  described  belongs  to  the  intermediate  fades 
between  the  basic  and  acid  edgea. 
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A  thin  section  from  the  opposite  or  southeast  side  of  the  band  consists  mainly 
of  very  fine,  often  plumy,  micropegmatite,  sometimes  arranged  round  broad  crystals 
of  andesine,  sometimes  about  a  narrow  strip  or  about  no  apparent  nucleus..  This 
makes  up  at  least  two-thirds  of  the  rock,  while  plagioclase  and  a  crystal  or  two  of 
orthoclase  with  hornblende  and  a  small  amount  of  epidote  make  up  the  rest. 

At  this  very  narrow  point  the  typical  acid  edge  phase  of  the  eruptive  is  well 
represented,  and  the  lack  of  width  is  due  to  the  absence  of  the  basic  or  noritic  ph^se. 
Along  with  this  goes  the  total  lack  of  ore  or  rusty  surfaces  so  far  as  known  along  this 
part  of  the  outer  edge  of  the  laccolithic  sheet. 

While  the  typical  rocks  of  the  nickel  eruptive  are  dark  gray  or  pale  gray  norite 
at  the  basic  edge,  somewhat  flesh-colored  pegmatitic  rocks  at  intermediate  points,  and 
flesh-colored  or  greenish  gray  micropegmatite  rock  having  the  composition  of  grano- 
diorite  at  the  acid  edge,  there  are,  nevertheless,  considerable  variations  in  the  appear- 
ance and  composition  of  the  basic  edge  at  different  parts  on  the  circumference  of  the 
sheet,  and  some  interesting  varieties  in  the  acid  edge  also ;  and  a  few  characteristic 
localities  will  be  taken  up  in  illustration,  especially  from  the  southern  range,  where 
the  greatest  variations  are  found. 

In  the  first  place,  it  may  be  shown  that  the  norite  in  connection  with  ore  bodies 
is  not  always  quite  the  same  in  character  as  that  of  the  Murray  mine,  and  for  this 
purpose  examples  from  other  parts  of  the  southern  range  will  be  studied. 

Other  Norites  of  the  Southern  Range 

Except  that  the  hypersthcne  and  diallage  are  usually  completely  weathered  to 
fibrous  hornblende  or  uralite  the  basic  edge  southwest  of  Murray  mine  as  far  as  Lady 
Violet  mine  differs  little  from  the  typical  example,  and  the  same  is  true  toward 
Blezard  mine.  An  interesting  diamond  drill  hole  sunk  by  Mr.  J.  V.  Miller  for  the 
Edison  party  in  lot  8,  con.  II,  of  Blezard  township,  more  than  a  mile  northwest  of 
Little  Stobie  mine  should  be  referred  to.  The  drill  reached  a  depth  of  1,030  feet,  and 
an  examination  of  portions  of  the  core  at  every  50  feet,  provided  by  the  kindness  of 
Mr.  Miller,  shows  that  the  rock  is  norite  to  the  full  depth  except  for  micaceous  schist 
with  pyrite  and  vein  quartz  at  264  feet  and  fine-grained  flesh-colored  granite  at  900 
to  95D  feet,  probably  from  a  dike.  Thin  sections  show  that  the  rock  varies  greatly 
in  freshness,  being  generally  so  far  re-arranged  as  tc  contain  only  hornblende,  etc.,  in 
place  of  the  pyroxenes;  but  curiously  the  lowest  parts  of  the  core  are  much  less  fresh 
than  the  rest,  though  the  best  preserved  section  is  from  550  feet.  In  it  the  feldspars 
(andesine  to  labradorite)  are  very  fresh  and  somewhat  brownish  and  there  is  a  little 
quartz,  partly  interstitial  and  partly  intergrown  with  feldspar  as  micropegmatite ; 
while  the  dark  minerals  include  much  hypersthene  and  also  a  pleochroic  monoclinic 
pyroxene  very  like  the  hypersthene,  a  little  diallage,  hornblende  and  biotite. 

It  is  evident  of  course  that  the  term  weathering  as  employed  for  deep  seated 
changes  in  eruptive  rocks,  like  the  norite  at  1,000  feet,  is  not  to  be  taken  in  a  literal 
sense,  as  due  to  water  with  carbon  dioxide  or  oxygen.  Probably  the  different  states 
of  the  rock  as  to  freshness  are  due  to  differences  in  the  amount  of  shearing  or  crush- 
ing allowing  water  to  circulate  more  freely  in  some  parts  than  others. 

THE  CREIGHTON  NORITES 

The  norite  of  the  Creighton  mine  differs  considerably  from  that  at  Murray  mine, 
containing  usually  rppreciable  amounts  of  quartz,  often  micropegmatitic,  and  ortho- 
clase or  microcline,  in  addition  to  the  usual  plagioclase  and  dark  minerals.  The 
hypersthene  is  fairly  fresh  in  most  sections,  even  those  containing  ore,  and  has  a  strong 
pleochroism.  Biotite  is  plentiful,  and  the  hornblende  usually  present  seems  to  be 
secondary.  The  most  interesting  sections  are  those  containing  consldftT^AAa  vkvwos^a 
of  pyrrhotite  and  chalcopyrite,  which  may  lie  in  contact  w\t\\  aiv^  ol  V>[vft  xw^AoTTcNxNSfe 
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minerals,  but  are  mostly  found  in  or  beside  the  darker  ones,  especially  the  biotite. 
The  ore  is  often  completely  enclosed  in  biotite  and  may  be  accompanied  by  magnetite, 
distinguished  by  its  iron  black  color  and  bluish  lustre,  the  two  minerals  appearing 
to  have  been  formed  at  the  same  stage  of  cooling.  The  sulphides,  however,  often  show 
a  tendency  to  penetrate  the  fissures  of  adjoining  minerab,  being  evidently  more  easily 
dissolved  and  re-deposited  than  the  magnetite. 

It  is  rather  surprising  to  find  minerals  like  orthoclase,  microdine  and  micropeg- 
matite  in  connection  with  the  ores  at  the  largest  nickel  mine,  and  the  fact  snggertt 
that  the  more  acid  phases  of  the  ncrite  are  sometimes  associated  with  ore  bodies. 

Sections  of  ore  often  show  small  quantities  of  rock-forming  minerals  endoMd  in 
pyrrhotite,  plagioclase,  quartz  and  secondary  hornblende  being  found  in  that  poiition. 

To  determine  the  composition  of  the  rock  (free  from  ore)  at  the  CreishtOB  open 
pit  Mr.  M  .T.  Culbert  has  made  an  analysis  of  a  fresh  specimen,  with  the  foliowing 

results: 

Per  cent. 

SiO.  eo.i5 

AUOa 18.28 

TetOt 1.51 

FeO 6.04 

M|K)  3.22 

CaO 4.01 

Na-O 1.28 

K.0 1.68 

H;0  (bolow  100") . .  19 

H*0  (above  100») 86 

TiO, 1.84 

P5O5 28 

rfuO 29 

BaO 2!> 

zn.) .14 

NiO 17 

Cu 16 

S 51 

Total 99.79 

From  the  analysis  it  will  be  seen  that  the  rock  cannot  be  called  basic,  the  ortho- 
clase or  microcline  and  quartz  present  having  raised  the  silica  to  over  GO  per  cent. 
A  small  amount  of  sulphides  and  of  titaniferous  iron  ore  are  shown  to  exist,  which 
is  to  be  expected  under  the  circumstances.  If  this  rock  were  not  in  continuity  with 
the  norites  east  and  west  there  would  be  doubt  as  to  its  position  in  the  dassification. 

The  rock  associated  with  the  Gertrude  mine  to  the  west  is  generally  more  weathered 
than  at  the  Creighton,  and  seldom  retains  the  hyporsthono.  On  the  whole  it  contains 
less  quartz  and  little  or  no  potash  feldspar,  so  that  it  more  nearly  resembles  the 
Murray  mine  norite.  One  specimen  from  near  the  Gertrude  station  contains  a  large 
amount  of  olivine  in  addition  to  hypersthene  and  diallage  among  dark  mineralSi  but 
it  is  not  certain  that  it  belongs  to  the  nickel  eruptive;  since  a  hill  of  "older  norite'' 
is  a  little  to  the  south,  and  the  immediate  surroundings  are  drift  covered. 

The  rock  near  North  Star  to  the  northeast  of  Creighton  is  the  normal  weathsred 
quartz  norite,  and  the  same  is  true  of  examples  from  near  the  Victoria  mine,  the 
Chicago  and  the  Sultana  toward  the  western  end  of  the  southern  nickel  range. 

Northeast  of  the  Blezard  mine  the  norite,  where  studied,  is  seldom  dark  gray  io 
color  and  is  frequently  squeezed  and  sheared  into  schistose  varieties,  as  at  the  Kirk- 
wood  and  Cry  derm  an  mines.    At  the  east  end  of  the  nickel  range  near  Blue  lake  and 
the  Whistle  mines  the  band  of  eruptive  is  narrow  and  the  noritic  portion  has  suffered 
most,  being  only  a  few  hundred  yards  wide.     The  norite  is  usually  rather  pale  gray. 
though  some  areas  of  dark  gray  rock  occur  not  far  from  the  Blue  lake  mine.     All  the 
thin  sections  examined  are  greatly  weathered,  the  pyroxenes  having  completely  changed 
to  uralite  and  even  the  feldspars  showing  to  some  extent  the  change  to  epidote,  soiflt«. 
etc.,    usually  called    saussuritization.         The  sections  contain   more  than   the   normsl 
amount  of  quartz,  often  in  the  form  of  micropegmatite.  and  if  they  had  not  been  taken 
from  near  outcrops  of  ore  they  would  probably  be  placed   in   an    intermediate  place 
between  the  norite  and  the  m\cToposLTn?v^\^\c  ?,T«kW\tes. 
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The  norites  from  the  northern  nickel  range  conform  pretty  well  to  those  described 
from  the  vicinity  of  Onaping,  having  usually  a  paler  gray  color  than  the  norites  of  the 
southern  range,  due  to  the  absence  of  brown  coloring  matter  in  the  feldspar.  In 
general  there  is  more  quartz  and  micropegmatitic  on  the  northern  than  on  the  scuthern 
range,  probably  because  the  basic  edge  of  the  eruptive  is  narrower  there. 

A  few  words  should  be  said  of  the  acid  segregations  occurring  at  various  places 
in  the  norite,  especially  near  Murray  and  Elsie  mines.  These  may  be  small  patches 
a  square  foot  in  diameter  or  several  feet  in  diameter,  the  outer  edge  dark  green  from 
an  accumulation  of  hornblende,  then  a  coarse  mixture  of  hornblende  and  white  plagi> 
clase  followed  by  plagioclase  alone  or  with  some  quartz. 

Sections  from  the  green  edge  show  the  same  minerab  as  the  weathered  norite,  but 
the  hornblende  is  in  much  larger  amount  than  is  usual  in  norite,  and  there  is  much 
quartz  and  less  plagioclase;  but  no  pegmatitic  structure.  The  next  band,  with  a  mix- 
ture of  green  and  white,  differs  mainly  in  having  less  hornblende  ana  some  orthodase 
or  microcline  with  the  plagioclase;  while  the  whiter  parts  contain  very  little  horn- 
blende and  consist  of  feldspar  and  quartz.  Varieties  of  the  rock  in  these  segregations 
are  made  up  of  very  large  crystals,  the  blades  of  hornblende  sometimes  reaching  six 
inches  in  length. 

NORITE  OF  THE  OFFSETS 
Norite  projects  as  three  long  offsets  from  the  basic  edge  of  the  laccolithic  sheet, 
at  Copper  Cliff,  Victoria  mine,  and  from  the  middle  of  Bowell  township  to  the  middle 
of  Foy.  There  is  also  an  isolated  band  of  norite  running  parallel  to  the  basic  edge, 
including  the  Frood  and  Stobie  mines.  These  projections  are  somewhat  dike-like,  but 
are  usually  very  irregular  in  width  and  may  run  out  into  small  separate  patches  of 
norite  completely  enclosed  in  the  country  rock.  In  a  general  way  the  norite  of  the 
offsets  has  the  same  composition  as  that  of  the  main  range,  but  it  is  less  fresh,  very 
seldom  retaining  the  pyroxenes,  and  usually  is  much  finer  grained.  The  Copper  Clif 
offset  has  been  most  carefully  studied  and  will  be  taken  as  typical. 

In  general  the  norite  is  rather  dark  gray  and  fine-grained,  frequently  spotted  with 
ore,  but  there  are  also  very  coarse-grained  segregations  on  a  small  scale,  like  those 
at  Murray  mine,  the  central  parts  consisting  of  plagioclase  crystals  more  than  a  square 
inch  in  cleavage  surfaces.  Thin  sections  show  plagioclase  (andesine  or  more  often 
labradorite)  in  greatest  amount,  followed  by  secondary  hornblende,  quartz  and  biotite, 
with  more  or  less  titaniferous  magnetite  sometimes  surrounded  with  leucoxene  and 
apatite.  The  quartz  is  partly  wedged  in  between  the  feldspars,  but  often  intergrown 
with  them  in  a  way  somewhat  different  from  ordinary  micropegmatite,  having  a 
slightly  granular  look,  but  with  many  grains  oriented  alike.  Possibly  this  represents 
a  poikilitic  arrangement  rather  than  micropegmatite. 

At  No.  2  mine,  north  of  Copper  Cliff  the  pyrrhotite-norite  forms  only  a  narrow 
band  between  the  ore  body  and  the  walls  of  granitoid  gneiss.  A  section  from  a  speci- 
men five  feet  from  the  gneiss  is  fine-grained  and  has  the  characters  just  described,  but 
with  an  unusually  large  amount  of  micropegmatite  and  a  tendency  to  zonal  structure 
in  the  plagioclase  crystals,  which  grow  more  acid  at  the  edges. 

Another  specimen  from  the  actual  edge  of  the  gneiss  is  compact  in  appearance, 
showing  more  rapid  cooling  than  the  former  one,  and  is  formed  mainly  of  tiny  strips 
of  plagioclase  with  parallel  strips  of  quartz  having  a  rough  fluidal  structure.  The  dark 
minerals  are  hornblende  and  biotite. 

Sections  from  the  Mitchener  mine  near  Worthington  on  the  Victoria  mine  offset 
have  the  same  character  as  those  from  the  Copper  Cliff,  but  portions  of  the  band  of 
norite  have  been  much  more  completely  changed  at  the  Worthington  mine  itself,  being 
reduced  to  a  fibrous  mass  of  actinolite  with  only  traces  of  other  minerals. 

From  the  Foy  apophysis  only  two  sections  have  been  studied,  one  at  its  startins 
point  and  the  other  at  the  western  end  six  miles  away.  The  specimen  from  the  stait- 
ing  point  on  location  WD  152  in  Be  well  township  comes  from  a  peculiar  crush  con- 
glomerate  of  coarser  norite,  and  sometimes  other  rocks,  cemented  by  fine-grained  norite 
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with  sulphides.  The  matrix  is  very  fine-grained  quartz  norite,  without  micropegmatite, 
the  dark  minerals  being  hornblende  and  biotite.  The  plagiodase  crystals  are  often 
well  formed  and  have  a  gradual  change  of  composition  from  the  centre  outwards. 

The  rock  from  the  end  of  this  offset  is  fine-grained  and  spotted  with  small  specks 
of  ore.  It  differs  from  the  other  mainly  in  having  an  unusual  amount  of  micropegmatite 
radiating  from  well  formed  plagiodase  crystals. 

Variations  of  tlie  Acid  Edge 

The  acid  edge  of  the  nickel  eruptive  shows  less  variety  than  the  basic  edge,  but 
has  certain  differences  from  the  typical  examples  already  described,  which  were  micro- 
pegmatites  of  about  the  composition  of  grano-diorite.  In  the  northern  range  the 
rocks  from  near  Blue  lake  deserve  mention  for  their  marvellously  developed  micro- 
pegmatite, ranging  from  almost  invisible  structures  to  comparatively  coarse  ones, 
centring  about  very  complexly  twinned  plagiodase.  Specimens  from  Trent  lake  are 
equally  fine;  but  sections  from  Moose  lake  have  only  rude  intergrowths  of  quartz  and 
feldspar.  Almost  all  sections  from  the  northern  range  contain  considerable  amounts 
of  epidote  in  large,  compact  individuals. 

Along  the  southern  range  the  acid  edge  on  Fairbank  lake  and  points  to  the  west 
and  north  proved  puzzling  in  the  field,  since  it  presented  exactly  the  dark  green,  fine- 
grained appearance  of  a  slightly  schistose  greenstone.     However  thin  sections  prove 
that  this  rock  also  is  an  acid  phase  of  the  nickel  eruptive,  since  it  consists  largdy  of 
the    finest   possible  micropegmatite,    invisible    except  with  fairly    high  powers    ot   the 
microscope,    with  plagiodase   crystals,    chlorite   and  hornblende.      It    was    thouqjht   that  ( 
these  dark  green  phases  of  the  acid  edge  might  have  acquired  their  color  by  * 'overhand  ■ 
stoping"  and  absorption  of  the  lower  part  of  the  overlying  tuffs,  since  on  Fairbank  , 
lake  at  least  the  basal  conglomerate  in  places  seems  almost  absent.     An  analysis  of  a  \ 
characteristic  specimen  shows,  however,  that  the  composition  is  normal,  having  68.95  ' 
of  silica,  12.74  of  alumina,  3.28  of  potash  and  3.80  of  soda.     Evidently  the  green  color 
simply  means  that  the  fine  scales  of  chlorite  are  distributed  in  such  a  way  as  to  give 
the  greatest  effect. 

A  grey  green,  schistose  variety  is  found . northeast  of  the  Cryderman  mine  at  the 
northwest  corner  of  Falconbridge  township  also ;  but  in  this  the  crushing  seems  to  have 
gore  so  far  as  to  destroy  the  micropegmatite  altogether. 

The  acid  edge  in  some  places  immediately  beneath  the  Trout  lake  conglomerate 
shows  small  cavities  with  green  epidote  enclosed  in  a  rim  of  flesh  red,  the  whole  an 
inch  or  two  across  and  surrounded  by  the  ordinary  grayish  flesh-colored  rock;  and 
similar  green  and  red  patches  sometimes  occur  in  the  matrix  of  the  conglomerate. 

General  Ciiaracter  of  tlie  Nickel  Eruptive 

Having  taken  up  typical  sections  of  the  nickel  eruptive  and  variations  from  the 
types  along  the  basic  and  acid  edges  of  the  sheet,  we  may  now  sum  up  our  knowledge 
and  discuss  the  results  of  rock  analyses  from  different  parts  of  the  region. 

In  a  general  way,  the  basic  edge  may  be  defined  as  quartz-norite  of  a  somewhat 
acid  type  for  a  member  of  the  gabbro  series.  Plagiodase  running  from  labradorite  to 
andesine,  but  generally  the  former,  makes  up  more  than  half  the  rock,  sometimes 
almost  two-thirds.  Along  the  southern  range  the  plagiodase  is  usually  pale  brown  in 
color  and  slightly  opaque,  on  the  northern  range  clear  and  transparent ;  and  the 
crystals  are  often  well  shaped  with  a  tendency  to  platy  forms.  Quartz  occurs  as  bluish 
grains  and  also  as  a  wedge-shaped  filling  between  the  plagicdases ;  also  to  a  varying 
degree  as  micropegmatite.  In  the  latter  case  there  may  be  appreciable  amounts  of 
orthoclase  or  microline.  The  dark  minerals,  when  fresh,  are  mainly  pyroxonos,  the 
rhombic  species,  hypersthene  or  enstatite,  being  in  largest  amount,  making  perhaps  a 
sixth  of  the  rock;  but  monodinic  augite  in  the  form  of  diallage  is  almost  always 
preeent,  and  often  a  pleochroic  augite  precisely  like  the  hypersthene,  but  with  a  distinct 
extinction  angle,  occurs  also.    The  hypersthene  is  often  in  fairly  well  iGtvcv^  ^qp[v\e>\a^ 


116 


Bureau  of  Mines 


No.  5 


crystals.  There  is  often  some  hornblende  even  in  very  fresh  sections,  and  this  in  some 
cases  at  least  is  primary.  It  may  form  solid  rims  about  the  pyroxenes.  Brown  biotite 
in  quite  large  individuals  is  almost  always  found,  though  it  makes  only  a  small  pro- 
portion of  the  rock.  Titaniferous  magnetite  and  apatite  are  always  present,  and  often 
pyrrhotite  or  chalcopyrite  where  the  specimen  is  taken  from  near  an  ore  body,  and 
the  freshest  specimens  are  usually  found  in  that  position.  Dr.  Barlow  has  found  a 
small  amount  of  olivine  in  one  thin  section  from  Little  Stobie,38  but  this  mineral  has 
been  found  nowhere  else  except  in  a  doubtful  specimen  from  Gertrude. 

The  weather^  norite,  formerly  called  diorite,  is  much  more  common  than  the  fresh, 
but  in  general  appearance  the  two  scarcely  differ,  though  the  fresh  rock  more  often 
crumbles  with  boulder-like  forms  under  exposure  than  the  so-called  weathered  rock. 
The  change  from  the  fresh  norite  is  due  mainly  to  the  re-arrangement  of  the  pyroxenes 
to  form  fibrous  hornblende  or  uralite  or  less  often  chlorite  or  serpentine,  with  some 
separation  of  iron  oxides.  The  labradorite  is  apt  to  be  fresh  long  after  the  hyjiersthene 
has  disappeared.  Weathering  is  less  pronounced  close  to  ore  bodies  than  at  a  distance 
from  them. 

The  norite  blends  gradually  into  micropcgmatitic  quartz  diorite  or  syenite,  coarse- 
grained and  flesh-red  on  weathered  surfaces,  gray  on  fresh  ones.  The  main  difference 
is  the  increase  in  the  amount  of  quartz  intergrown  with  feldspar  and  the  partial  or 
complete  absence  of  hypersthene  or  augite.  Large  giains  of  epidote  are  generally 
present. 

This  intermediate  rock  passes  on  the  acid  edge  into  quartz-diorite,  granodiorite  or 
granite  containing  large  amounts  of  micropegmatite,  sometimes  three-fourths  of  the 
whole.  The  nucleus  of  the  granophyre  structure  is  almost  always  a  plagioclaae  not  far 
from  andesine,  and  there  is  generally  some  orthoclase  in  addition  to  that  included  in 
the  micropegmatite.  The  plagioclases  are  often  plate-like.  As  dark  minerals  there 
are  always  hornblende,  mica  and  magnetite,  usually  also  epidote.  The  macroscopic 
appearance  of  the  rock  is  often  that  of  a  medium  or  fine-grained  syenite  or  granite, 
but  it  may  take  the  form  of  gneiss  or  felsite  schist  or  of  fine-grained  green  schist, 
though  the  composition  does  not  greatly  vary. 

In  order  to  show  the  changes  from  the  basic  to  the  acid  side  of  the  eruptive  Prof. 
Walker  has  published  several  analyses  of  samples  from  the  Blezard-Whitson  lake  cross 
section  ;39  and  to  complete  our  knowledge  of  the  subject  several  more  analyses  are 
added  here.  The  finding  of  micropegmatite  and  microcline  in  fresh  norite  at  the 
Oreighton  mine  made  it  desirable  to  have  an  analysis  of  the  rock  (No.  2),  and  it  was 
also  thought  well  to  know  the  composition  of  the  green  schistcse  rock  of  the  acid  edge 
at  Fairbank  lake  (No.  8).    The  analyses  are  given  in  the  following  table: 


No.  1. 


SiO  . . . 
AI2O.8. 
FesOg. 
FeO... 
MgO.. 
CaO... 
Na^O  . 
K2O... 
H2O... 
TlOj... 

BaO. . . 
LtO... 
NIO... 

Cu 

8 


56.89 

19.39 

.38 

7.11 

2.11 

8.11 

3.31 

1.04 

1.35 

.43 

.11 

.30 


No.  2.      No.  3.  i  No.  4. 


Total  . . 
Specific  >f rarity 


60.15 

18.23 

1.51 

6.04 

3.22 

4.01 

1.28 

1.68 

.55 

1.34 

.23 

.29 

.25 

.14 

.17 

.16 

.54 


49.90 
16.32 


13.54 

6.22 

6.58 

1.82 

2.25 

.76 

1.47 

.17 

trace 


51.52  I 

19.77 

.47 

6.77 

6.49 

S.16 

2.66 

.70 

1.68 

1.39 

.10 

trace 


100,53       99.79       99.03 


2.834 


3.026 


99.71 


No.  5. 

No.  6. 

No.  7. 

68.48 

64.85 

61.98 

12.70 

11.44 

13.03 

2.41 

2.94 

.56 

4.50 

6.02 

8.00 

.74 

1.60 

1.76 

1.41 

3.49 

4.02 

3.72 

3.92 

8.18 

3.36 

3.02 

2.80 

1.13 

.78 

1.95 

No.  8.   1  No.  9. 


.61 
.20 
.05 


.24 
trace 


99.31       98.80 


2.832  I     2.673       2.788 


.84 

.32 

.18 

trace 


68.95 

12.74 

.46 

5.15 

1.57 

1.72 

3.80 

3.28 

1.60 

.43 

.20 

.13 

trace 


.19 


98.76 


2.757 


99.93 


^.  wf4 


69.27 
12.56  I 

2.89 ; 

4.51  I 
.91  I 
1.44  ' 
3.12 
3.05 
.76 
.78  , 
.06 
trace 


No.  10. 


67.  T« 
14O0 

•••••■• 

l.W 
4.2S 
5.22 
1.19 
l.Cl 

.19 
tra« 


99.35     100.28^ 
2.724      2.7» 


3B  O.  S.  0..  Vol.  XIV,  Part  H,  p.  83. 
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In  the  Above  table  of  results  of  analyses^  No.  1  is  from  the  basic  edge  of  the 
>rthmii  range  near  Onaping,  Mr.  E.  Q.  R.  Ardagh,  of  the  Chemical  Department, 
3hool  of  Science,  Toronto  University,  being  the  analyst.  No.  2  is  from  the  basic 
Ige  at  the  Creighton  mine  near  the  ore  body,  analyst  Mr.  M.  T.  Culbert  of  the  School 
:  Science.  Nos.  3  and  4  are  from  the  basic  edge  of  the  southern  rango  near  Blezard 
ine,  analyst  Dr.  T.  L.  Walker.  No.  5  is  from  a  syenitic-looking  specimen  taken  frcm 
)ar  the  middle  of  the  Onaping  section,  analyst  Mr.  Ardagh.  No.  6  is  from  near  the 
iddle  of  the  Blezard- Whitson  lake  section,  analyst  Dr.  Walker.  No.  7  is  from  the 
iid  edge  of  the  Onaping  section,  the  rock  being  greenish  gray,  analyst  Mr.  Ardagh. 
o.  8  is  from  near  the  acid  edge  on  the  north  shore  of  Fairbank  lake,  the  rock  being 
nrk  green  gray  and  somewhat  schistose,  analyst  Mr.  Ardagh.  Nos.  9  and  10  are 
om  points  near  the  acid  edge  of  the  Blezard-Whitson  lake  section,  Mr.  C.  B.  Fox, 
lemist  of  the  Hamilton  Iron  and  Steel  Company,  being  the  analyst  of  No.  9,  and 
r.  Walker  of  No.  10. 

The  table  is  so  arranged  as  to  give  first  analyses  from  near  the  basic  edge  (Nos. 

2,  3  and  4),  next  analyses  of  specimens  from  near  the  middle  of  the  eruptive  (Nqb. 

and  6),  and  finally  analyses  from  near  the  acid  edge.     The  results  disclose  a  larger 

mount  of  variation  than  might  have  been  expected,  especially  on  the  basic  side  of  the 

ruptive,  the  silica  running  frcm  49.90  to  60.15.     It  is  possible,  however,  that  No.  3 

not  a  typical  example  of  the  norite,  since  it  contains  so  large  an  amount  of  ferrous 

cide  (13.54  per  cent)  as  to  suggest  the  presence  of  unusual  amounts  of  iron  ore,  or 

:  pyrrhotite.     It  is  probable  also  that  No.  2,  from  the  Creighton  mine,  errs  on  the 

iher  side,  containing  more  quartz,  microcline  and  micropegmatite  than  the  normal, 

lOugh  thin  sections  from  other  parts  of  the  rock  enclosing  the  Creighton  ore  body 

Imost  all  show  considerable  amounts  of  these  minerals. 

The  intermediate  rocks  from  the  middle  of  the  eruptive  seem  to  differ  little  from 
le  examples  taken  from  nearer  the  acid  edge,  having  silica  contents  of  64.85  and  68.48 
9r  cent.,  as  compared  with  61.93  to  69.27  per  cent.,  or  on  the  average  66.66  to  66.98. 

An  average  of  the  first  four  analyses  as  representing  the  basic  phase  of  the  rock, 
id  of  the  last  six  as  representing  the  acid  phase  will  give  a  fair  idea  of  the  amount 
:  differentiation  which  has  taken  place  in  the  cooling  of  the  laccolithic  sheet.  It  is 
sesible,  however,  that  in  the  case  of  No.  2  the  norite  absorbed  some  of  the  adjacent 
ranitoid  gneiss.  At  the  actual  contact  of  norite  and  gneiss  there  is  sometimes  a 
taction  rim  a  few  inches  wide  of  coarse  pegmatite  between  the  norite  and  the  more 
3id  rock.  It  may  also  be  that  No.  7,  from  the  acid  edge  near  Onaping,  has  become  some- 
hat  more  basic  than  the  normal  by  "overhand  stoping''  and  absorption  of  the  over- 
ing  tuff,  since  it  is  less  acid  than  No.  5  from  the  middle  of  the  section.  However 
o.  2  may  not  more  than  counterbalance  No.  3,  which  contains  so  large  an  amount 
'  iron,  and  No.  7  will  not  greatly  affect  the  average  of  the  six  examples  of  the  acid 
lases. 
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In  a  general  way  about  one-half  of  the  southern  edge  of  the  laccolithic  sheet  is 
basic,  while  the  basic  portion  of  the  northern  range,  including  the  Blue  lake  portion, 
is  very  much  narrower,  perhaps  averaging  not  more  than  a  quarter  or  even  an  eighth  of 
the  full  width  of  the  eruptive.  An  estimate  of  the  relative  areas  of  the  basic  and 
acid  phases  respectively  gives  about  one  part  of  basic  rock  to  one  and  a  half  of  acid 
rock.  Accepting  these  proportions  as  approximately  correct  the  average  composition 
of  the  whole  sheet  is  given  in  the, third  column  above. 

In  this  computation  the  pyrrhotite  and  chalcopyrite  of  the  ore  bodies  have  not 

been  taken  into  account.     Although  2,000,000  tons  of  ore  have  been  mined   and  the 

amount  of  ore  '4n  sight"  may  be  reckoned  at  several  millions  more,  it  would  be  rash 

to    attempt  to   estimate  the  total   amount   of  sulphides  originally   contained    by   the 

magma,  since  we  do  not  know  how  many  millions  of  tons  have  been  removed  by  erosion 

during  the  ages  since  the  eruption,  which  took  place  not  later  than  Cambrian  times; 

nor  do  we  know  how  much  ore  exists  in  the  depths,  as  downwards  continuations  of 

known  ore  bodies  or  in  ore  bodies  which  do  not  reach  the  surface.     However  we  can 

hardly  assume  that  the  sulphides  existed  to  the  amount  of  cubic  miles,  and  the  eruptive 

sheet  still  remaining  after  the  vast  period  of  erosion  is  estimated  at  600  cubic  miles, 

so  that  the  sulphides  in  the  total  magma  formed  probably  only  a  fraction  of  one  per 

cent.,  and  so  are  of  relatively  little  account.     Prof.  Vogt  speaks  of  the  Sudbury  gabbro 

as  containing  originally  about  O.Oo  per  cent.,  which  may  serve  as  a  guess  at  the  true 
proportion. 40 

According  to  the  new  classification  of  rocks  the  average  composition  of  the  basic, 
and  acid  phases  work  out  as  Harzose,  and  Adamelloee.  The  norm  for  the  basic  and 
acid  phases,  and  for  the  average  rock  is  as  follows: 


Basic.  Acid.  Average  rock. 


Quartz 9.24  20.76  17.94 

Orthocla.se 8.34  22.24  >     12.79 

Albite 19.39»    =,00  31.06\  „ -^  ,    27.251    ,- „., 

Anorthite 32.53/  ^^ '^^  6.67  f  ^''^  !    20.02/  ^' '^* 

(CaOSiOz 2.44  1  .221 

MgO-SiO, .70-  3.99           .08  V       .46 

FeO'SiOg .85/  .161 

Wv.r^««»thono /MgOSiOv n.30\  .,.  ,ft  2.40\  a  -.  I       6.40\   ,-  ,- 

HNpersthenejp^.gjQ^^ 12.80 H^'^®  :      6.34/  ^''^  \      9.77/^^-^^ 


Omitting  unimportant  ingredients,  such  as  titanic  iron  ore,  apatite  and  water, 
we  see  that  the  basic  phase  consists  essentially  of  52  per  cent,  of  labradorite,  8  or  9 
per  cent,  each  of  quartz  and  potash  feldspar,  and  24  per  cent,  of  magnesia  and  iron 
silii.ates. 

The  rock  of  the  more  acid  phase  consists  of  21  or  22  per  cent,  each  of  quarts  and 
potash  feldspar,  38  per  cent,  of  oligoclase  and  13  per  cent,  of  magnesia-iron  silicates. 

The  average  cf  the  whole  eruptive,  as  represented  in  our  analyses  and  weighted  by 
taking  two  parts  of  acid  to  one  of  basic  rock  to  correspond  with  the  field  relations, 
works  out  as  Harzose  of  an  acid  kind. 

The  norm  of  the  rocks  worked  out  above  corresponds  fairly  with  the  mode  in  the 
basic  edge  norite  except  that  monoclinic  augite  replaces  some  hypersthene,  and  in  the 
average  acid  phase  of  the  eruptive  hypersthene  is  largely  replaced  by  hornblende. 

Older  Norite  and  Lavas 

Associated  with  the  basic  edge  for  a  number  of  miles  along  the  southern  nickAsI 
range,  but  evidently  much  older  than  the  nickel  eruptive,  is  a  range  of  hills  often 
high  and  rugged,  which  have  been  generally  referred  to  and  mapped  as  greenstones. 
Their  extraordinary  mixture  of  characters,  including  rocks  such  as  norite,  greenstone, 

40  Trans.  Am.  Inst.  Min.  Engineers,  Vol.  XXXI,  1901,  Problems  in  the  Geolosy  of  Ore  Depotiti. 
p.  129. 
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dicMrite  porphyrite  and  amygdaloid,  with  some  slaty  graywack^  undoubtedly  of  sedi- 
mentary origin,  make  it  difficult  to  define  the  rocks  as  a  whole.  The  frequent  occur- 
rence of  "pillow  structure/'  often  with  an  amygdaloidal  edge  to  the  pillows,  shows 
that  at  least  a  part  of  the  series  consists  of  lava  flows. 

The  only  rook  which  is  at  all  fresh  is  the  norite,  which  may  now  be  described. 
Macroscopically  and  microscopically,  it  differs  entirely  from  the  nickel-bearing  norite. 
It  is  usually  very  fine-grained  and  rather  dark  gray  on  fresh  surfaces,  and  on  weathered 
surfaces  pale  gray  with  niunerous  raised  bands  or  narrow  ridges  of  green,  often  in 
two  or  more  directions,  forming  meshes.  In  some  places  the  fine  ground-mass  contains 
hornblende  crystals  from  a  third  to  a  half  inch  in  diameter,  which  project  from  the 
weathered  surface.  Less  often  there  are  irregular  white  patches  of  about  the  same 
size  along  with  the  hornblende,  giving  a  pale  gray  surface  speckled  with  dark  green, 
and  white  blotches,  suggesting  a  porphyrite.  There  are  all  transitions  from  the 
fresh  gray  norite  through  rooks  half  changed,  to  greenstones  or  hornblende  porphyrites 
completely  changed  to  green  minerals,  and  it  is  probable  from  the  field  relations  that 
part  or  all  of  the  greenstones  was  originally  norite. 

Thin  sections  of  the  gray  rock  are  usually  surprisingly  fresh  in  appearance  except 
for  narrow  bands  of  green  hornblende  along  minute  fissures,  and  four  minerals  in 
small  equi-dimensional  grains  or  crowded  crystals  usually  make  up  almost  the  whole 
of  the  rock,  hypersthene  or  enstatite,  a  monoclinic  augite,  plagioclases  (bytownite) 
and  magnetite.  Usually  the  two  pyroxenes  are  very  much  alike,  with  strong  outlines 
against  the  feldspars,  pale  brownish  gray  in  color  with  faint  greenish  and  reddish 
change  of  color  or  none  at  all,  and  a  suggestion  of  crystal  outline.  Here  as  in  so 
many  other  norites  certain  pleochroic  sections,  in  general  appearance  exactly  like  the 
hypersthene,  have  a  considerable  angle  of  extinction  from  the  cleavages  or  the  edge 
of  a  prism,  so  that  they  are  really  monoclinic.  It  seems  as  if  the  hypersthene  is  merely 
a  monoclinic  pyroxene  with  0^  extinction  angle,  and  with  transitions  to  an  unnamed 
monoclinic  form  of  the  same  composition,  but  with  large  extinction  angles.  The 
rhombic  variety  of  pyroxene  is  generally  in  largest  amount,  and  the  two  pyroxenes 
make  up  as  a  rule  more  than  half  the  section.  The  plagioclase  is  in  short  stout  crystals 
with  few  twin  planes,  and  in  many  cases  the  crystal  form  is  fairly  perfect.  The  mag- 
netite makes  up  perhaps  a  twentieth  of  the  whole  rock. 

Beside  the  ordinary  even-textured  variety  of  norite,  or  micro-norite,  there  are 
porphyritic  ones  in  which  a  few  large  and  generally  elongated  crystals  of  hypersthene 
or  augite  are  embedded,  and  these  may  be  poikilitic,  including  small  grains  of  the 
feldspar.  In  other  sections  the  porphyritic  crystals  are  hornblende,  green  or  brown, 
rough  edged  and  always  poikilitic,  sometimes  thickly  crowded  with  clear  feldspars. 
They  may  represent  former  augites,  though  this  seems  doubtful,  since  both  minerals 
sometimes  occur  porphyritically  in  the  same  section.  The  magnetite  is  often  in  good 
crystal  forms,  the  grains  being  relatively  large.  In  most  cases  none  of  the  minerals 
show  a  trace  of  weathering  except  as  mentioned  before,  along  thin  seams  where  horn- 
blende develops. 

The  rarer  variety  cf  micro-norite,  which  has  white  patches  like  porphyritic  feldspars, 
shows  the  same  composition  as  the  others,  the  white  areas  being  formed  of  labradorite 
in  the  same  short  stout  crystals  as  elsewhere,  but  without  pyroxene  or  magnetite. 
There  are  occasionally  sections  wholly  or  almost  wholly  composed  of  the  plagioclases, 
so  that  there  are  varieties  of  rock  having  the  same  general  character  which  might  be 
named  norite,  gabbro  (where  monoclinic  pyroxene  outweighs  the  rhombic),  and  anorth- 
osite,  with  norite  porphyrite  or  hornblendic  norite  and  rarely  biotite  norite. 

Some  of  the  green  rocks  associated  with  the  gray  ones  seem  to  be  merely  the  same 
rock  weathered,  secondary  hornblende  replacing  pyroxene,  but  the  short  equi-diametered 
plagioclases  remaining.  In  other  cases,  however,  the  greenstones  consist  mainly  ol 
fibrous  hornblende  with  some  magnetite,  and  occasionally  quartz,  but  with  little  or 
no  feldspar;  where  one  cannot  assume  that  they  have  descend^^  VtoxcL  V>DLft  xisstS^A. 
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The  "pillows,"  if  large,  are  sometimes  formed  of  characteristic  micro-norite  in 
the  middle  and  hornblendic  material  on  the  outside,  the  supposed  amygdules  consistiiig 
of  about  equal  parts  of  plagioclase  and  unstriated  feldspar,  with  a  little  quarts.  The 
contents  hardly  seem  characteristic  for  an  amygdule,  but  the  bomb  or  pillow  form  and 
the  development  of  the  white  spots  only  near  the  outside  of  the  mass  and  not  in  the 
middle  may  be  taken  ae  proof  that  they  are  really  surface  eruptives. 

The  hornblende  porphyrite  associated  with  the  older  norite  is  probably  derived 
from  it,  though  this  is  not  always  certain.  Those  which  have  a  fine-grained  ground-maas 
with  minute  crystals  of  plagioclase  mixed  with  hornblende  and  large  poikilitic  crystals 
of  hornblende  enclosed  are  probably  derived  from  the  porphyritic  variety  of  norite. 
Others  with  hornblende  alone  or  with  quartz  instead  of  feldspar  can  hardly  be 
accounted  for  in  this  way. 

In  addition  to  the  very  fine-grained  older  norites  in  the  complex,  there  are  some 
coarse-grained  ones,  gray  with  dark  green  and  sometimes  white  mottlings,  which  look 
very  different  from  those  described,  but  sections  show  the  same  minerals  only  differently 
arranged.  The  plagioclase  is  in  minute  grains  almost  ae  if  crushed,  but  the  pyroxene 
is  always  in  large  irregularly-shaped  poikilitic  crystals.  As  it  is  mainly  monoclinic  the 
rock  must  be  called  gabbro.  The  dark  green  patches  are  of  secondary-looking  horn- 
blende. 

The  older  norite  or  the  micro-ncrite  as  it  has  been  named  in  this  report  must  have 
antedated  the  nickel  eruptive  by  a  very  long  time,  since  the  sedimentary  series  10,000 
feet  thick  was  piled  up  on  them  before  the  irruption  of  the  laccolithic  sheet;  yet  they 
are  so  uniformly  confined  to  a  comparatively  narrow  band  along  the  southern  nickel 
range  and  a  few  points  on  the  northern  range  that  one  cannot  resist  the  ides  that  they 
came  from  the  same  hearth.  They  are,  however,  much  more  basic  than  the  nickel  range 
rock,  since  pyroxene  generally  makes  up  half  their  bulk,  magnetite  is  present  in  con- 
siderable amounts,  and  quartz  or  potash  feldspars  scarcely  occur.  They  are  not  known 
to  contain  nickel  except  where  an  ore  body  lies  against  them  sending  small  stringen 
into  the  older  rock. 

An  analysis  of  a  typical  specimen  from  near  Murray  mine  has  been  made  by  Mr. 
J.  A.  Horton  of  the  Chemical  Department,  School  of  Science,  Toronto,  with  the  follow- 
ing results: 

Per  cent . 

SI  Os 46 .  fi9 

AljO, 14.23 

FegOa 2.00 

FeO 12 .  82 

MnO 11 

MgO 8.15 

CaO 13.82 

N%0 98 

pA 19 

TJOs 1.28 

Moisture 08 

Sulphur 12 

99.97 
Specific  gravity 3.24 

This  corresponds  normally  to  the  following  mineral  composition: 

Per  cent. 

Bytownite   42.57 

Diopside    25.73 

HyDentbene    20.76 

Olivine    5.34 

Titanic   Iron   Ore   4.98 

Apatite    34 

Pyrite    27 

The  mode  of  the  rock  does  not  differ  greatly  from  the  norm.  No  olivine  has  been 
recognized,  but  a  small  amount  may  really  be  present,  as  the'  rock  is  very  fine-grained. 
and  part  of  what  has  been  taken  for  augite  is  not  unlike  olivine  in  appearance.    If  I 
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have  worked  it  out  correctly  by  the  new  syvtem,  it  is  a  percalcic  rock  of  the  order 
Gallare,  under  the  subclass  Salfemone  of  the  class  Salfemane ;  and  may  be  named  Keda- 
bekase. 

It  is  curious  that  the  sulphide  commonly  found  in  the  older  norite  b  pyrite  and  not 
pyrrhotite.  In  composition  this  rock  comes  much  closer  to  the  European  norites  with 
which  pyrrhotite  is  associated  than  does  the  acid  norite  of  the  Sudbury  nickel  eruptive.  41 

NORITE  OF  THE  INTERIOR  BASIN 

While  the  characteristic  norite  of  the  nickel  eruptive  is  confined  to  the  basic  portion 
of  the  sheet,  it  is  known  that  in  one  place  at  least  norite  of  a  somewhat  different  kind 
occurs  near  the  acid  edge,  penetrating  the  basal  conglomerate.  At  the  southwest  end 
of  Trout  lake  in  Bowell  township,  near  a  small  zincblende  deposit  on  location  W  D  252, 
a  specimen  of  dark  green  rock  weathering  brown,  taken  as  representing  a  part  of  the 
country  rock,  proves  to  consist  of  hypersthene,  diallage  and  labradorite,  the  latter  making 
less  than  half  the  section.  There  are  also  a  very  little  interstitial  quartz  and  still  less 
micropegmatite.  Some  of  the  rather  lath-shaped  feldspars  are  ot  earlier  crystallization 
than  the  hypersthene,  but  other  parts  are  later.  The  feldspars,  though  decidedly  fresh, 
are  rather  untransparent  at  the  edges  because  of  a  brown  coloration,  the  centres,  which 
have  a  different  extinction  angle,  being  clear.  The  hypersthene  seldom  shows  good 
crystab  with  elongated  forms  as  it  does  in  the  basic  edge  norite.  This  norite  was  not 
distingubhed  from  greenstone  in  the  field,  and  no  detailed  work  was  done  to  define  its 
boundaries  or  its  relations  to  the  nickel  eruptive. 

PERIDOTITE 

Beside  the  comparatively  basic  older  norites  and  greenstones  in  a  few  localities  along 
the  northern  range  still  more  basic  rocks  have  been  found  as  part  of  the  country  rock 
of  ore  bodies  and  are  therefore  probably  older  than  the  nickel  eruptive.  The  freshest 
example  b  from  test  pits  in  Levack  township  about  five  miles  north  of  Onaping,  where 
a  dark  gray  green  fine-grained  rock  accompanies  the  ore.  A  thin  section  proves  £hal 
the  rock  consists  chiefly  of  olivine,  more  than  half  of  which  has  been  changed  to  ser- 
pentine and  magnetite,  which  not  only  encloees  the  olivines  but  cuts  across  its  crystab 
wherever  fractures  existed.  There  are  in  addition  small  quantities  of  augite  and  of  brown 
biotite. 

On  location  W  D  155,  in  Bowell  township,  part  of  the  rock  beside  the  ore  deposit 
b  dark  gray  serpentine  weathering  rusty  white.  A  thin  section  shows  only  a  remnant 
of  olivine  and  a  few  crystals  of  striated  feldspar  in  the  mass  of  serpentine  and  iron  ores. 

There  b  no  direct  evidence  to  show  that  the  peridotites  belong  to  the  family  of  rocks 
connected  with  the  nickel  eruptive  beyond  the  fact  that  they  occur  beside  the  basic  edge. 

LACCOLITHIC  NORITE  SOUTHEAST  OF  SUDBURY 

An  irregular  mass  of  norite  rising  laccolithically  to  the  east  of  Sudbury  and  extend- 
ing several  miles  southwest  from  Ramsay  lake  to  the  north  side  of  Kelly  lake,  has  no 
apparent  connection  with  the  laccolithic  sheet  of  the  nickel-bearing  rock  and  seems  to 
be  older  than  it,  though  thb  is  not  easy  to  prove  positively,  since  it  nowhere  comes 
within  three  miles  of  the  southern  nickel  range,  with  which  it  b  roughly  parallel.  THe 
last  outcrop  of  the  Copper  Cliff  offset,  at  Evans  mine,  is,  however,  only  a  quarter  of  a 
mile  from  its  northwest  side  near  Kelly  lake,  but  there  b  so  little  likeness  between  the 
band  of  rock  here  described  and  the  norite  rich  in  ore  of  the  offset  that  they  probably 
have  no  direct  relationship. 

It  may  be  that  this  irregular  band,  half  a  mile  wide  and  more  than  seven  miles  long, 
is  really  the  edge  of  a  sheet,  but  if  so  there  b  no  evidence  of  differentiation  of  the  sheet 
into  a  lower,  basic,  edge  and  an  upper,  acid,  edge  as  in  the  nickel  eruptive. 

41  Zirkel,  Peiroffraphie,  Bd.  11,  pp.  790-1-2. 
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The  rock  is  commonly  medium  to  coarse-grained,  greenish  gray,  and  so  far  weathered 
as  to  contain  no  remaanta  even  of  the  original  pjrozene.  Only  one  of  my  thin  sections, 
from  a  point  on  th«  hill  east  of  Sudbury,  is  fresh  enough  to  show  that  the  rock  is  real); 
norite,  though  of  a  ecHnewhat  different  type  from  that  pf  the  "basic  edge."  It  is  nertt 
dark  gray  in  color,  does  not  contain  blue  blebs  of  quarts  nor  large  biotite  scales,  and  >i 
never  spotted  with  ore,  like  the  nickel-bearing  norite,  though  a  little  pyrrhotite  has  been 
found  in  it. 

The  freshest  section  consists  to  the  extent  of  about  one-half  of  labradorit«,  the  pyroi. 
enes  making  up  the  rest  of  the  rock,  dialloge  probably  in  slightly  larger  amoiint«,  so  tbst 
the  rock  should  perhaps  be  called  gabbro  instead  of  norite.  The  rhombic  pyroxene  bu 
an  exceedingly  pale  dichroism,  Bo  that  it  is  enstatite  rather  than  hypeFsthene.  Then 
is  very  little  magnetite,  no  apatite  was  observed,  and  quarts  is  alniust  absent.  The 
sections  of  weathered  rock  have  the  pyroxene  completely  changed  to  pale  green  harn- 
blende  or  sometimes  partly  to  chlorite.  A  little  quarts  is  occasionally  found  in  interetica 
and  rarely  also  micropegmatite. 

The  most  interesting  feature  of  this  band  of  norite  or  gabbro  is  the  immense  white 
segregations  which  run  irregularly  along  the  hill  tops  and  perhaps  represent  the  acid 
phase  of   the  nickel   eruptive  though   in  much  smaller   prcportion.      Similar    but     mach 
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Hill  ea8l  of  Sudbury; 

smaller  formations  are  found  along  the  basic  edge  of  the  main  nickel  range  near  Eki« 
and  Murray  mines,  but  there  the  differentiation  is  much  less  complete,  never  rMulting 
in  large  mosses  of  solid  quarts  in  the  middle. 

Very  good  illustrationa  of  those  segregations  are  found  on  the  hills  jnfit  east  o! 
Sudbury  and  at  the  quartz  mine  south  of  Copper  Cliff,  from  which  already  hundreib  of 
tons  of  quartz  have  been  taken.  At  the  latter  point  the  width  of  the  segregatinu  i> 
about  100  yards  and  the  somewhat  discontinuous  row  of  white  outcropa  is  at  least  half 
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The  ordinary  gray  green  gabbro  passes  rapidly  into  a  darker  green  band  much  coarser 
in  texture  and  containing  little  feldspar.  The  cleavages  of  the  hornblende  are  often 
curved  or  twisted.  Then  there  is  a  band  of  mixed  hornblende  and  white  feldspar  in  very 
large  crystals,  the  hornblende  often  as  prisms  several  inches  long,  the  centre  of  the  prism 
being  filled  with  white  feldspar.  Next  comes  a  considerable  width  of  white  binary  granite, 
very  large-grained,  and  ako  graphic  granite,  the  quarts  often  in  larger  quantity  than 
the  feldspar.  At  the  centre  of  the  large  segregations  there  may  be  fifty  feet  of  almost 
pure  glassy  quartz.  With  the  inner  white  parts  of  the  mass  there  are  frequently  sul- 
phides, pyrrhotite  especially,  but  never  in  workable  amounts. 

Thin  sections  representative  of  these  exceedingly  coarse  rocks  are  hard  to  make, 
since  a  single  section  may  be  all  of  one  material.  The  hornblende  is  secondary-looking 
and  rather  pale  green,  not  far  from  actinolite ;  the  white  minerals  are  plagioclase  (oligo- 
clase  towards  albite),  orthoclase  (or  at  least  an  unstriated  feldspar),  and  quartz,  the  lat- 
ter often  in  comparatively  wide  bands  in  the  feldspar,  causing  the  graphic  structure.  A 
very  little  muscovite  occurs  also.  DifiPerent  parts  of  the  mass  might  be  called  amphibo- 
lite,  malchite,  acid  anorthosite,  binary  granite,  pegmatite  and  vein  quartz. 

These  curious  masses  of  coarse  white  minerals  much  richer  in  alkalies  and  silica 
than  the  average  rock,  but  cut  ofiP  from  it  by  the  ring  of  hornblende,  probably  represent 
the  last  remnants  of  the  magma,  accumulated  and  consolidated  in  the  centre  of  the  band 
after  the  outer  parts  had  already  taken  shape ;  resembling  in  origin  the  coarse  pegmatite 
dikes  which  end  an  eruption  of  deep  seated  granite,  but  without  the  outlet  into  fissures 
which  the  hot  pegmatite  solution  finds  for  itself. 

It  is  possible,  however,  that  the  apparent  segregations  are  really  large  masses  of 
qnartzite  or  arkose  incompletely  digested  by  the  gabbro. 

GRANITES  ASSOCIATED  WITH  THE  NICKEL  ERUPTIVE 

Beside  the  granite  and  granitoid  gneiss  of  the  Laurentian,  whidh  are  much  older 
than  the  sheet  of  nickel  eruptive  and  underlie  it,  there  are  coarse  and  medium-grained 
granite  and  granitoid  gneiss,  probably  not  very  difiPerent  in  age  from  the  nickel  eruptive, 
but  sometimes  a  little  older  and  sometimes  younger.  As  they  occur  in  bands  parallel 
to  the  southern  nickel  range  and  at  no  great  distance  from  it,  they  may  be  supposed 
to  have  eome  connection  with  the  nickel  rock  in  origin,  perhaps  having  segregated  from 
the  same  magma  before  or  after  the  magma  of  the  laccolithic  sheet  reached  its  present 
position.  The  coarse-textured  granitoid  gneiss,  often  porphyritic,  is  in  my  opinion 
generally  older  than  the  nickel  rock,  but  is  younger  than  the  micro-norite  described 
above,  since  it  has  swept  ofiP  masses  of  greenstone  and  green  schist  supposed  to  be  derived 
from  them. 

.  The  granitoid  gneisses  are  best  shown  along  the  railway  between  North  Star  and 
Creighton  mines,  where  they  are  coarse  in  texture  with  porphyritic  flesh-colored  oriho- 
clases  sometimes  an  inch  in  length  crowded  together  with  an  equal  amount  of  gray  finer- 
grained  ground-mass.  Thin  sections  show  an  ordinary  hornblende  granite,  consisting  of 
quartz,  orthoclase,  microperthite,  a  little  plagioclase,  much  hornblende  and  a  little 
biotite.  There  is  no  micropegmatite  in  the  sections  studied.  The  porphyritic  crystals 
are  orthoclase,  sometimes  a  little  crushed  at  the  edges.  While  micropegmatite  seems 
absent  from  the  normal  rock  there  is  a  reaction  rim  an  inch  or  two  wide  at  the  contact 
of  norite  with  this  granite  in  the  Creighton  open  pit,  which  shows  coarse  pegmatitic 
intergrowths,  forming  crystals  often  more  than  an  inch  in  diameter.     As  the  norite  at 

this  mine  contains  appreciable  amounts  of  micropegmatite,  such  a  reacticn  rim  is  not 
surprising. 

The  rock  just  described  passes  by  gradations  into  a  darker  gray  rock  with  much 
more  hornblende  and  less  quartz,  which  should  be  called  syenite. 

Near  Copper  Cliff  there  is  a  porphyritic  granitoid  gneiss,  paler  in  color  and  with 
smaller  phenocrysts,  which  has  been  used  as  building  stone  in  the  town.    It  contains  more 
quartz  than  the  Creighton  rock,  and  little  or  no  hornblende,  but  biotite  m  fsms^  ^\vsa.w- 
tities.    The  feldspar  is  mainly  microcline,  but  there  is  some  oTt\voQ\«t^^  «.tA  c\\%o^^^^. 
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BimiUr  gneiBS  has  been  collected  irom  other  placM,  but  has  not  been  studied  in  thin 
■ectiooB. 

While  the  ooarse  granitic  rocka  are  generally  older  than  the  norit«,  there  is  a  medium- 
grained  fiesb-red  granite  ooTering  considerable  areas  from  near  Elsie  to  Little  Btobie, 
which  is  undoubtedly  later  in  age,  sintw  it  penetrates  the  edge  of  the  norite  at  Hurray 
mine.  The  rock  is  normal  granite  with  much  quartz  and  microcline,  some  microperthit* 
and  orthoclaM,  e~  little  oUgocIaae,  a  small  amount  of  biotite  and  still  less  muacovitc. 
No  micropegmatite  was  obserred. 

As  this  granite  occurs  close  to  both  the  nickel  eruptive  and  the  older  norite  it  is 
probably  a  later  member  of  the  same  family  of  rocks.  An  analysis  by  Mr.  Jamee  Hortoo 
gives  the  following  results: 


Specific  gravity,  3.69. 

It  is  evidently  a  quite    acid    granite.     Calculating    the    normal    minerals    for  the 
chemical  composition  we  find  the  following: 


owl 


marts    S6.7S 

.Tthoolaae    31.14 

AlblU    26.30 

Anorthtte    3.06 

Hrp«r*theiie .6! 

rsrrlo   oxide    63 

Probably  part  of  the  sodium  belongs  to  the  orthoclase,  since  the  extinction  angUa 
of  the  plagioclase  correspond  to  oligoclase  and  not  to  albite.  According  to  the  new 
system  the  rock  may  be  called  Omeor«,  a  dopotassic,  peralkatic  rock  belonging  to  the 
order  Britannare,  but  near  the  boundary  of  Columbare.  It  is  the  most  acid  of  the  recks 
supposed  to  hare  sprung  from  the  hearth  of  the  nickel-bearing  eruptive. 

GRANITE  FROM  DIKES 

Several  dikes  of  granite  near  Copper  Cliff  are  evidently  later  than  the  norite,  nnce 
they  cut  the  nickel  rock.  They  are  gray,  and  consist  mainly  of  quartz,  orthoclase  snil 
oligoclaae  with  some  biotite  and  muscovite.  A  few  masses  of  flesh-colored  granite  endoeed 
in  norite,  probably  as  dikes,  northwest  of  Hurray  mine  and  of  Little  Stobie  are  of  mock 
the  same  character. 

As  small  dikes  in  larger  dikes  of  diabase,  a  grayish  fine-grained  granite  forms  the 
latest  rook  in  the  region,  perhaps  a  last  npflov  of  the  original  magma  from  which  tte 
eruptives  described  above  had  their  origin.  It  conflists  essentially  of  quart*  and  ortke- 
clsfiG  with  a  little  oligoclase,  the  only  dark  mineral  being  biotite,  whibh  in  two  out  (f 
three  sections  is  changed  to  chlorite.  Except  for  the  slightly  porphyritio  habit  ol  a  fs^ 
feldspar  crystals,  there  is  little  to  mark  this  as  a  dike  rock. 

It  is  surprising  to  find  all  the  granites  associated  with  th»  niokel  empttvo,  repi*.  ^ 
senting  as  they  do  at  i«Ht  khree  agM,  so  very  different  from  tbA  woi  e^S^  at  the  w^  ,^ 
tive  itself.  -JU  l*tt«r^M^l4faf«  WMfeta  to  the  ertent  ■«  ■»««•  **?  'T''^  "^  ^ 
micropeiunabit*,  l|tatfHHUBvnk»>"e    ^i*^*>    "■    larger     "^'"''^^  ^lTTI:^  « 
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There  are  probably  diabaee  dikes  oi  two  ages  in  the  region,  one  the  exceedingly 
fresh  rock  just  referred  to,  and  a  less  numerous  class,  now  greatly  weathered,  the  por- 
phyritic  dikes  belonging  to  the  first  class.  The  coarser  parts  of  the  dikes  consist  of 
plagiodase  (labradorite),  at  least  one-half,  lilac  or  reddish  brown  angite  a  quarter,  oHt- 
ine  one-fifth,  and  biotite,  magnetite  and  apatite  for  the  rest.  The  plagiodase  is  dis- 
tinctly ophitic  and  often  imbedded  in  the  augite  or  eren  the  olivine.  The  order  of 
succession  is  magnetite  and  apatite,  olivine  with  plagioclase  partly  overlapping  it, 
plagiodase,  augite ;  all  the  other  minerals  being  sometimes  endosed  in  the  last  mineral. 

In  smaller  dikes  or  near  the  edge  of  larger  ones,  plate-like  phenocrysts  of  plagiodase 
are  enclosed  in  a  fine-grained  ophitic  ground-mass  of  the  minerals  named  above;  and 
at  the  edge  of  dikes  against  ore  the  porphyritic  crystals  of  plagioclase  and  also  of  augite 
are  contained  in  a  glassy  basis  pierced  in  every  direction  by  minute  plagioclases.  Many 
of  the  larger  laths  of  the  second  crop  of  plagioclase  have  narrow  inclusions  of  glass  in 
the  centre. 

The  type  just  described  is  best  displayed  at  Creighton  mine,  but  the  coarser-grained 
varieties  are  widely  spread  in  the  region. 

The  dikes  which  are  thought  to  be  older  may  occur  with  the  other  ones,  but  it  his 
not  been  proved  that  the  others  cut  than.  They  are  not  porphyritic,  are  less  ophitic 
than  the  fresh  diabases,  and  the  augite  and  olivine,  if  any  of  the  latter  mineral  existed, 
are  completely  changed  to  secondary  hornblende,  magnetite  and  leucoxene.  There  is 
present  also  a  little  quarts,  which  is  entirely  absent  from  the  fresher  rock. 

The  results  of  an  analysis  of  fresh  olivine  diabase  from  a  dike  near  Murray  mine 
is  given  as  follows  by  Prof.  Walker : 

Per  cent- 

SiO, 47.22 

AlaO, 16.52 

Fe,0, 3.32 

FeO 12.40 

MkO 3  33 

CaO 9.61 

Na,0 3.40 

K-  O 67 

H;  O 30 

TiO, 3.62 

P,  O5 33 

MnO 04 

BaO 01 

OuO trace. 

NiO «75 

CoO oavi 

Total 1 00 .  803 

Specific  gravity 3.01 

The  analysis  shows  that  the  rock  is  very  basic,  much  more  so  than  the  nickel- 
bearing  norite,  but  that  it  contains  only  a  little  nickel.  The  large  amount  cf  titanium 
accounts  for  the  peculiar  lilac  or  reddish  color  of  the  augite. 

Whether  the  diabase  is  to  be  looked  on  as  almost  the  last  member  of  the  succession 
of  segregations  from  the  great  nickel-bearing  magma  is  not  certain.  Dr.  Barlow  suggests 
that  the  weathered  diabase  containing  some  quartz  near  Copper  Cliff  is  connected  with 
the  norite  of  the  eruptive.  These  dikes  are  undoubtedly  later  than  the  norite,  which 
they  cut  sharply  across,  but  they  may  belong  to  the  succession.  The  fresh  olivine  diabase 
seems  to  me  more  probably  distinct  from  the  main  hearth,  since  very  similar  olinne 
diabase  porphyrite  occurs  as  dikes  at  various  places  to  the  west,  e.g.  north  of  Lake 
Superior,  where  no  connection  with  any  nickel  eruptive  can  be  assumed.  Exactly  why 
such  similar  dike  rocks  should  have  been  erupted  from  point  to  point  along  a  distance 
of  hundreds  of  miles  is  hard  to  explain.  The  western  dikes  are  generally  supposed  to 
have  a  connection  with  volcanic  activity  during  Keweenawan  times,  when  they  penetrated 
the  Animikie  and  lower  rocks,  and  it  is  not  improbable  that  the  fresh  Sudbury  olivine 
diabases  are  of  the  same  age  and  conected  with  similar  phenomena. 
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It  should  be  mentioned  that  olivine  diabase  is  not  confined  to  well  defined  dikes  in 
the  Sudbury  region,  though  that  b  its  commonest  mode  of  occurrence.  On  the  south  half 
as  lot  11,  con.  VI,  of  Denison  township  an  irregular  mass  of  fresh  olivine  diabase  spreads 
out  as  hills  to  the  width  of  1,200  feet,  cutting  across  the  Worthington  nickel-bearing 
offset,  forming  a  boss  instead  of  a  dike^  or  possibly  resembling  on  a  small  scale  the  Logan 
sills  of  olivine  diabase  in  the  Animikie  near  Port  Arthur. 

• 

Petros^raphy  of  the  Sedimentary  Rocks 

LOWER  HURONIAN  SEDIMENTS 

• 

As  mentioned  previously  the  oldest  rocks  in  the  region  are  sediments  belonging  to 
the  iron  formation,  which  occur  a  short  distance  north  of  the  northern  nickel  range  near 
Clear  lake  in  the  northern  part  of  Wisner  township,  near  the  outlet  of  Wahnapitae  river 
in  the  lake  of  the  same  name,  and  to  a  much  larger  extent  in  Hutton  and  other  town- 
ships several  miles  to  the  northward.  These  sedimentary  rocks,  consisting  of  granular 
silica  or  jasper  interbanded  with  magnetite,  are  interfolded  with  greenstones  and  green 
schists.  As  they  have  been  described  in  former  reports  of  the  Bureau  of  Mines,  they 
will  not  be  further  discussed  here  except  to  state  that  they  belong  to  the  upper  part 
of  the  Keewatin  of  the  latest  classification  (Lower  Huronian  of  previous  reports  of  the 
Bureau).44 

The  oldest  rocks  in  contact  with  the  nickel  ranges  belong  to  the  next  formation 
above,  now  called  the  Lower  Huronian,  including  arkose,  quartzite,  graywack^  and  slate, 
older  than  the  Laurentian  and  underlying  the  nickel-bearing  sheet.  Their  petrography 
has  been  touched  on  by  several  writers,  Prof.  T.  G.  Bonney4S  and  Prof.  G.  H.  Williams46 
being  probably  the  earliest,  followed  by  Prof.  Walker  in  his  Inaugural  Dissertation  (1897), 
the  present  writer  in  various  reports  of  the  Bureau  of  Mines,  and  Dr.  Barlow  in  his 
report  on  the  Sudbury  mining  district  in  1904. 

Bonney  is  greatly  puzzled  with  these  rocks,  which  he  hurriedly  visited  soon  after  the 
Canadian  Pacific  railway  reached  the  locality.  In  reality  it  is  clear  from  his  account 
that  he  has  confused  two  or  three  distinct  series  in  his  work,  and  naturally  had  difficulty 
in  harmonizing  matters.  He  is  inclined  to  think  the  quartzitic  rocks  sedimentary,  but 
finds  them  so  completely  re-crystallized  that  they  might  be  granite.  He  refers  to  the 
numerous  crush  breccias,  but  seems  not  to  distinguish  them  from  true  conglomerates. 

Williams  describes  a  number  of  sections  of  quartzite  or  arkose  near  Copper  Cliff 
and  elsewhere,  but  hesitates  whether  to  call  them  elastics  or  felsites,  which  is  not  sur- 
prising when  his  material  consisted  only  of  small  specimens  with  no  assistance  from  the 
field  relations. 

Dr.  Barlow  gives  a  good  description  of  the  microscopic  characters  of  these  rocks  and 
admits  that  some  of  them  are  altered  sandstones,  but  thinks  the  larger  part  were  volcanic 
ash. 

In  my  own  opinion  the  major  part  of  them  are  water-formed  sediments,  sandstone 
or  arkose,  largely  re-crystallized,  the  materials  being  of  eruptive  origin,  though  not  as 
ash,  but  as  derived  from  granitic  rocks  by  ordinary  clastic  methods. 

Part  of  these  rocks  are  pale  flesh-colored  and  very  fine-grained,  having  the  look  of 
felsite  and  presenting  little  evidence  of  bedding;  though  they  are  associated  with 
beautifully  stratified  rocks  and  seem  at  times  to  pass  by  transitions  into  them.  The 
rocks  near  Copper  Cliff,  which  have  sometimes  been  taken  for  felsite  or  syenite,  are  good 
examples  of  the  variety  showing  hardly  any  bedding. 

Sections  consist  of  completely  interlocking  grains  of  quartz,  orthoclase,  microcline 
and  a  little  plagioclase.  There  is  seldom  a  hint  of  waterworn  fragments,  though  occa- 
sionally the  centre  of  a  grain  is  a  little  cloudy.    Regeneration  has  gone  to  the  extreme, 

44  Bur.  Mines,   Ont.,    1903,   pp.   318-321;   also  1904,  pp.    216-221. 

45  Jour.  Oeol.  Boo.,  London,  Vol.  44.  1888,  pp.  32-44. 
46Geol.  Snr.  Can.,  1890,  Appendix  I,  Part  F,  pp.  65-82. 
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and  sectioDfi  have  quite  the  look  of  a  fine-grained  granite.  There  are,  howevo',  small 
dirty  particles  that  do  not  seem  to  belong  to  a  granitic  rock.  Occasionally  large  grains 
are  bedded  in  the  finer  matrix  with  a  suggestion  of  porphyritic  structure,  but  they  have 
no  crystal  outlines  and  are  generally  composite.  In  more  highly  metamorphosed  parts 
long  blades  of  green  hornblende  are  developed,  suggesting  a  variety  of  coarse  syenite. 
Thin  sections  show  the  hornblende  to  be  in  very  imperfectly  formed  crystals. 

Specimens  from  points  between  Copper  Cliff  and  Sudbury  have  more  of  a  granular 
arrangement  than  near  Cc^per  Cliff,  with  fine  debris  between  the  grains,  and  are  banded 
with  finer  and  coarser  layers  and  seem  to  contain  minute  rounded  pebbles  slightly 
different  from  the  ground-mass.  In  addition  to  granules  of  quartz  and  *feldspar,  epidote 
and  a  considerable  amount  of  biotite  in  minute  scales  can  be  determined. 

Specimens  taken  from  between  Stobie  and  Blezard  mines  are  formed  of  interlocking 
grains  of  quartz,  orthoclase,  a  little  microcline  and  a  little  oligoclase.  There  are  a  few 
shreds  of  hornblende  also  and  a  little  of  a  dark  mineral,  probably  magnetite. 

On  the  whole  these  flesh-colored  re-crystallized  arkoses  are  very  unsatisfactory  rocks 
to  study,  and  they  pass  into  rocks  so  completely  re-arranged  that  they  might  properly  be 
called  re-composed  granites,  applying  the  term  used  by  Dr.  Barlow. 

On  the  other  hand,  there  are  transitions  to  pure  qUartzites  in  which  feldspar  is 
almost  absent  and  only  quartz  and  some  scales  of  chlorite  or  biotite  with  a  little  inde- 
finable dirty-looking  material  can  be  distinguished.  Good  examples  of  the  last  variety  are 
found  on  the  hill  near  Headquarters,  in  Garson  township. 

There  are  also  transitions  to  graywack^,  in  which  the  muddy  materials  containing 
fragments  of  quartz  and  feldspar  are  to  an  extent  re-crystallized  into  chlorite. 

QRAYWACKE 

The  other  main  type  of  Lower  Huronian  sediments  has  been  referred  to  in  previous 
parts  of  this  report  as  graywacke,  though  it  includes  also  impure  quartzite  and  slaty 
varieties,  interbedded  with  the  graywacke.     These  rocks  are  fine-grained,   never  flesh- 
colored,  but  always  some  tone  of  light  or  dark  gray,  and  in  hand  specimens  are  often 
so  uniform  in  appearance  that  they  might  be  taken  for  a  fine-grained  basic  eruptive. 
Weathered  surfaces  are  lighter  gray  and  disclose  structures  evidently  water-formed.    On 
glaciated  parts  the  more  quartzose  layers  retain  their  smoothness,  but  the  softer  layers 
of  a  somewhat  slaty  character  may  be  deeply  attacked,  bringing  out  sharply  the  bedding 
of  the  original  sandstone,   sometimes  also  cross  bedding   and  cross  sections   of  ripple 
marks.     Still  more  common  are  the  pseudomorphs  after  silicates  rich  in  alumina,  such 
as  staurolite,  whose  outlines  are  often  very  distinct  and  of  all  dimensions  from  a  gram 
of  rice,  in  the  so-called  "rice  rock,**  to  forms  five  inches  long.    In  many  cases  the  pseudo- 
morphs are  pale  gray  or  even  white  and  stand  out  strikingly  from  the  darker  tone  of 
the  rock.     Specially  good  examples  of  these  pseudomorphs  are   found  near  Stobie  MJkd 
Frood  mines. 

Thin  sections  of  these  rocks  show  much   the    same   mineral^    as    *^®    found  m  ti»^ 
arkose,  but  generally  more  quartz  and  always  more  of  the  mic^^^j^j^oxxft  "^^^^^    .*,**"!I^^^ 
(or  talc),  chlorite,  and  biotite,  as  well  as  indefinable  somewhat.,     qP*^^®  ^.     ^v       ^^ 
shapes  cf  the  ori&rinal  sand  grains  are  often  distinct.     In  tYi^^  ^i^s^^k  ^^^^?^  A  \«l^«^^V^ 
be  coarsely  granular  quartz  with  dusty  materials  between^  «^^       \  ^^®^'^^^\v\  tVtVc «^^^V 
minute  grains  of  quartz  and  feldspar  confusedly  mixed  ^i'^^^^^^  oWfc^^\  ^acsft^^V^ 

The  pseudomorphs  are  often  of  nearly  pure  finely  grax^^^t^i^^     \>'^''''^\\ft  \)rw%^ 
sericite  or  chlorite.     No  trace  has  been  found  of  the  uno"^^^^     ^  ^^'^^    \jL'^'^^^ 
six-sided  cross  sections  and  St.   Andrew's  cross  twins  **"^^^  cP*^^^^  ^^^^  ^  ^^nv^*C\^^  ^^^^^ 
mineral.     As  this  is  a  mineral  usually  formed  in  slaty  ^<^w  ^^^^    ^^"^  #  ^\^'«^'^'^  ^^^ 
we  may  suppose  that  the  slaty    graywacke    was    locally  tSv^^^t^  #^^^ '^^  w 

gabbro  or  norite  masses,  or  perhaps  in  some  cases  by  bair^  •  tJ^         >^  v^*^^    •S^-'^'^'^^^ 

Parallel  with  the  graywacke  having  porphyritic  pseu^^^^^^  ^^^'^'"'"'V.^^l^.^.^^''^^^^^ 
Frood  and  Stobie  mines  is  a  band  oi  ^a\^«.cV^  ol  ^  ^^^^"^^^  rfi^'^^^^^'^w  l^^'' 
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of  obscure  fragments  of  rock  with  concretions  of  paler  color  scattered  through  it,  and 
containing  large  oval  or  eye  and  eyebrow-like  masses  of  quartzite.  There  seem  to  be 
gradations  between  the  apparent  concretions  and  the  larger  quartzite  masses.  The 
latter  are  as  well  rounded  as  pebbles,  but  generally  have  a  concave  hemispherical  slice 
shifted  half  an  inch  away  from  them,  in  cross  section  showing  a  large  oval  eye  and 
crescent-shaped  eyebrow.    The  cause  of  these  curious  shapes  is  not  known. 

Thin  sections  of  the  graywaeke  consist  of  quartz,  orthoclase,  microperthite,  much 
biotite,  and  some  epidote,  mostly  as  completely  interlocking  crystals.  The  vague 
pebble-like  or  concretionary  forms  seen  on  weathered  surfaces  differ  from  the  matrix 
only  in  a  slightly  different  size  of  the  grains  and  a  less  amount  of  biotite.  The  ''eyes" 
are  of  quartzite  with  sharp  margins. 

A  section  of  graywaeke  with  rather  distinct  concretions  but  no  ''eyes,"  consists  of 
Ihe  same  minerals,  the  vaguely  edged  coucretions  having  finer-grained  materials  and 
less  of  the  dark  minerals. 

This  rather  narrow  band  of  rocks  has  more  of  the  feldspars  than  the  graywack^  des- 
cribed before,  and  is  somewhat  more  completely  re-crystallized,  perhaps  because  nearer  to 
eruptive  rocks.  Whether  they  are  related  to  the  singular  hornblendic  rocks  containing 
crowded  pea  or  bean-like  white  spots  is  uncertain ;  the  different  composition  of  the  latter 
seems  to  set  them  apart.  Beside  the  graywaeke  containing  pseudomorphs  or  concretions 
there  are  near  Frood  mine  mica  schist  and  fine  gray  gneiss  that  probably  present  a  still 
more  completely  re-arranged  sediment,  in  which  no  water-formed  structure  remains.  They 
consist  of  quartz  with  small  amounts  of  clear  feldspar,  muscovite,  biotite,  chlorite  and  a 
little  magnetite,  the  grains  interlocking  and  showing  no  evidence  of  rounding  by  water. 

GRAYWACKE  CONGLOMERATE 

Near  Ramsay  lake  and  at  some  other  points  in  the  region  there  is  graywaeke  of 

*  different  kind  from  the  rocks  hitherto  mentioned,  with  no  marked  stratification,  but 

Asional  angular  or  rounded  pebbles  or  boulders,  of  more  than  one  sort  of  rock,  es- 

-   J^J^  *  reddish  granite  with  very  little  in  the  way  of  dark  minerals,  and  quartzite 

g^     f  if  ^^^  varieties.     Near  a  small  lake  north  of  Ramsay  lake  fragments  of  the  well 

thev  ^''^ywack^  described  on  a  former  page  occur  in  this  rock  near  its  margin,  but 

prom     f^  '^^vo  reached  their  place  by  faulting.     On  the  shore  of  Ramsay  lake  a  small 

■tratifi  /?  ^  insists  largely  of  a  crowded  conglomerate  of  the  rocks  mentioned  with  the 

evidence  .     *^^acfc©  overlying  it,  as  if  a  basal  conglomerate  had  been  overturned,  but  the 

Sin    ^  '^^^  ^®*'- 
finve  be©  ^raywack^  conglomerate  contains  quartzite  very  like  some  of  those  which 

fji  Age  h  f  ^^^ibeil  as  belonging  to  the  Lower  Huronian,  it  must  be  considered  later 
The  tn»  fe»l  relationships  of  the  two  rocks  cannot  be  settled  positively  at  present. 
^/baU  btolr  ^^^"Oi^^^^^  ^^  ^^®  conglomerate  is  very  dark  gray  on  fresh  surfaces,  and  shows 
^ents  Qf  ^  ^a/xx0  o^  quartz  or  of  fine-grained  quartzite.  Thin  sections  contain  frag- 
^gjcb  ^2,  ^^^Hz  ^XifiTular  or  well  rounded,  of  various  sizes,  embedded  in  a  ground  of 
He  ^Uuft  ^^icl^^  ^^  Quartz  and  perhaps  feldspar  with  minute  scales  of  brown  biotite. 
P^^^^Ha  ^^iU9  »^^  Senerally  of  a  single  crystal,  though  some  are  compound.  Less 
JmocI^^^  ^^  th^  quartz  grains  are  small  fragments  of  plagioclase  (oligoclase)  and 
a  he  ^^^  of  fffj^i'^^^    ^^  quartzless  porphyry.     No  marked  amount  of  re-crystallization 

^'^^ite    ^  ^Xcewy^     ^4^T    the  tiny  scales  of  mica  thickly  scattered  through  the  feldspar 

^o<7   ^^copic?    ^k%>%^^^^^^^^^  the  rock  is  more  like  boulder  clay  than  anything  else 
^ he    ^^  roc^^jT     -^^^^  th©  microscopic  characters  do  not  conflict  with  this  idea;  but 
^A  to  ja-isfi^"*^-"^^®  glacial  action  so  early  in  the  world's  history. 


HE  TROUT  LAKE  CONGLOMERATE 

,  the   Trout  lake  conglomerate,  which  \a  o\d«t  V>[v«bTL  >i}svfe  \s^s3k5^ 
iger  than  the  previous  sediments,  \i^a  \>^t^^«ii  AiXi^  «bc\.^  «A5? 
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of  the  eruptive  and  the  Onaping  tuff,  and  in  a  sense  is  intermediate  between  them,  the 
lower  part  being  so  changed  by  the  presence  of  the  emptiye  during  its  long  period  of 
cooling  as  to  resemble  it  closely,  being  distinguished  often  only  by  the  preBence  of 
coarser-grained  and  redder  patches  with  vague  edges,  which  were  pebbles  or  bculders 
of  granite.  In  the  upward  direction  the  conglomerate  may  contain  thin  bands  of  white 
quartaite,  gray  chert  or  a  green  gray  fine-grained  rock;  but  finally  paasea  into  gray, 
fine-grained,  crystalline-looking  rOck,  containing  angular  or  rounded  fragments  of  disrl 
and  less  often  pebbles  or  boulders  of  granite  and  quartzite.  This  has  no  sharp  bomi- 
daries  separating  it  from  the  dark  gray  vitrophyre  tuff. 

The  whole  of  the  different  phases  mentioned  above  are  considered  to  be 'ordinary 
water-formed  sediments  with  little  or  no  volcanic  matter,  but  greatly  modified  hj  Men- 
tions coming  from  the  laccolithic  sheet  beneath. 

Where  typically  developed,  but  somewhat  rolled  out,  the  base  of  the  oongl(»nerate 
suggests  certain  Laurentian  gneisses,  being  generally  flesh-colored  or  gray  with  soms 
parallelism  of  structure,  the  matrix  like  a  fine-grained  gneiss,  the  flattened  bouldsn 
having  a  coarser  grain  and  sometimes  porphyritic  feldspars.  This  phase  soon  passes  into 
a  fine-grained,  somewhat  speckled  green  gray  rock  with  numerous  flesh-colored  or  paler 
gray  inclusions,  the  whole  having  the  look  of  a  variety  of  the  Keewatin  agglomerate 
of  Rainy  lake. 

The  less  altered  conglomerate  has  generally  a  darker  gray  fine-grained  matrix  and 
boulders  or  pebbles  of  lighter  colored  rocks  with  well  defined  outlines. 
I  Thin  sections  of  the  matrix  of  the  conglomerate  near  the  acid  edge  of  the  eruptiTt 

I  have  quite  the  appearance  of  a  massive  rock  of  the  same  composition  as  the  acid  edge 
itself,  but  with  little  or  none  of  the  micropegmatitic  structure  so  characteristic  of  that 
rock.  In  fact  every  transition  can  be  found  between  micropegmatitic  grano-diorite  of 
the  typical  acid  edge  and  the  matrix  of  the  conglomerate,  containing  undoubted  but 
vaguely  edged  granite  boulders,  so  that  the  boundary  between  the  eruptive  and  the 
sedimentary  rock  is  no  more  sharp  in  thin  sections  than  in  the  field. 

At  the  very  edge  of  the  acid  phase  of  the  eruptive  there  are  often  small  flesh-colored 
areas  with  a  number  of  green  epidote  crystals  and  sometimes  a  space  unfilled,  and  these 
patches  are  found  also  in  the  more  altered  phase  of  the  conglomerate.  Good  instanoei 
of  the  transition  are  seen  near  Joe's  lake.  A  specimen  of  gray  fine-grained  rock  con- 
taining a  pink  granite  pebble  taken  from  near  the  eruptive  edge  at  the  outlet  oonsisfai 
of  quartz,  orthoclase  and  much  plagioclase  in  long  strips  with  a  little  chlorite.  The 
quartz  is  mostly  granular,  but  partly  in  rude  micropegmatitic  intergrowth  with  feldspar, 
and  in  general  appearance  under  the  microscope  the  rock  can  be  matched  with  specimens 
from  the  eruptive,  and  would  be  classed  with  it  but  for  the  enclosed  granite  pebbles. 

A  section  from  a  sample  taken  100  yards  from  the  eruptive  edge,  containing  a  fine- 
grained granite  pebble  and  numerous  fragments  of  pale  flesh-red  and  of  green  rocks, 
is  miu  h  liko  the  last  one  except  that  it  is  finer-grained  and  has  a  few  large  crystals  of 
green  epidote.  At  180  yards  the  characteristic  dark  grayish  tuff  occurs,  crowded  VHb 
glass  fragments. 

A  series  of  specimens  taken  from  south  of  Moose  lake  shows  more  variety*  ^ 
acid  edge  is  coarse  and  reddish  gray,  with  patches  of  red  enclosing  green  epidote  or 
small  vugs  with  epidote  crystals,  and  is  made  up  to  the  extent  of  more  than  one-hstf 
of  very  elaborate  micropegmatite  about  plagioclase  crystals.  Forty  paces  south  there  a 
undoubted  conglomerate  with  granitic  boulders  in  a  matrix  of  the  same  minerab  ss  ike 
acid  phase  of  the  eruptive,  but  with  only  rough  intergrowth  of  quarts  and  feldspar,  sad 
with  numerous  patches  of  greatly  weathered  orthoclase.  Forty  paces  farther  south  thin 
is  a  band  of  white  quartzite  or  arkose  about  60  feet  wide,  consisting  of  greatly  cniiM 
quartz  and  feldspar.  One  hundred  and  fifty  paces  from  the  edge  the  rock  it  i>^ 
grained,  bluish-gray,  and  contains  pebbles  of  granite  and  quartzite  with  indistinct  edga> 
one  flesh-colored  pebble  enclosing  green  epidote.  A  thin  section  of  the  matrix  nill^ 
easily  be  taken  for  the  acid  eru^Wve,  \i«ui%xDL%i^ib  ^r^  ^t  the  same  minerak,  with  nicfe- 

9a  M.  (Ill) 
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pegmatite  developed  to  various  degrees,  sometimes  very  elaborately,  at  others  only  hinted 
at  by  a  rough  intermixture  of  quartz  with  feldspar  or  by  a  tendency  of  the  quarts  to 
grow  out  with  rounded  projections  into  the  other  minerals. 

The  next  specimen  ,  180  paces  from  the  acid  edge,  is  much  like  the  one  just  described, 
but  a  thin  section  shows  no  micropegmatite,  though  the  curious  growth  of  the  quarts 
in  bunchy  masses  is  more  pronounced  than  in  the  former^  and  feldspar  is  present  in 
lea  amount. 

The  next  specimen  is  of  a  quite  different  kind,  bluish  gray  and  cherty  in  appearance 
with  many  angular  fragments  of  whiter  cherty  fragments,  proving  in  thin  sections  to 
consist  of  quarts  with  innumerable  tiny  crystals  of  epidote.  This  rock,  200  paces  from 
the  acid  edge,  is  thought  to  belong  to  the  overlying  tuff  rather  than  to  the  conglomerate. 

A  specimen  of  conglomerate  near  the  acid  edge  at  Onaping  is  much  less  granitic 
looking  and  in  thin  sections  shows  no  resemblance  to  the  acid  phase  of  the  eruptive, 
consisting  of  quarts  and  feldspar  blending  into  one  iiiolher  with  chlorite  scales  and 
often  radiating  bundles*  of  actinolite.  This  matrix  encloses  grains  of  quarts  and  some 
angular  fragments  of  a  rock  like  very  fine-grained  quartzite. 

A  good  series  of  specimens  of  the  conglomerate  comes  from  south  of  Windy  lake, 
where  the  band  is  wide,  and  resembles  that  from  Joe's  lake,  but  thin  sections  of  them 
have  not  been  made.  Another  interesting  collection  comes  from  a  small  lake  near  the 
middle  of  Trill  township,  comprising  arkose  and  a  cherty  rock  as  well  as  conglomerate. 
A  section  of  the  last  rock  is  made  up  of  quartz,  orthoclase,  epidote  and  chlorite,  with 
embedded  fragments  of  quartzite,  and  does  not  resemble  the  acid  eruptive. 

Specimens  of  schistose  conglomerate  from  the  north  shore  of  Whitewater  lake  have 
numerous  pebbles  of  granite  and  quartzite,  and  a  few  of  green  schist  in  a  fine-grained 
gneissoid  ground-mass,  too  much  sheared  or  squeezed  to  show  original  structures. 

In  a  general  way  it  may  be  stated  that  the  Trout  lake  conglomerate  has  been  greatly 
metamorphosed  near  the  acid  edge  of  the  nickel  eruptive,  the  process  often  going  so 
far  that  the  matrix,  probably  arkose  in  the  beginning,  is  completely  re-crystallized  into 
a  rock  containng  the  minerals  of  the  acid  eruptive,  even  the  micropegmatite  structure 
being  produced  to  some  extent.  The  enclosed  pebbles,  being  of  crystalline  rock  such  as 
granite  and  quartzite,  have  undergone  less  change,  but  their  boundaries  have  been 
blended  with  the  matrix  to  a  considerable  degree. 

THE  ONAPING  TUFF 

No  rock  in  the  Sudbury  district  except  the  nickel-bearing  eruptive  itself  has 
attracted  more  attention  than  the  tuff  (or  vitrophyre  tuff)  which  runs  as  a  range  of  hilk 
round  the  outer  edge  of  the  basin  with  the  conglomerate  between  it  and  the  acid  edge 
of  the  eruptive.  This  rock  appears  to  have  been  noticed  first  by  Prof.  Bonney  at  the 
High  falls  of  the  Onaping,  being  described  as  a  ''fragmental  rock  like  a  volcanic  ash. 
.  .  .  w  The  finer  matrix  is  almost  opaque,  a  very  dark  dust;  the  smaller  fragments 
are  quartz  (not  abundant)  and  altered  feldspar  or  devitrified  glass.     The  larger  have 

probably  been  a  moderately  acid  glass,  sometimes  vesicular The  zonal  ar- 

^mngement  of  some  of  the  evitrification-etructures  suggests  that  the  changes  have  taken 
place  in  tituJUj 

Dr.  Bell  was  struck  with  the  rock  and  sent  specimens  to  Prof.  G.  H.  Williams,  who 
^ave  an  excellent  description  of  their  microscopic  characters,  with  an  illustration, 
teaming  the  rock  vitrophyre  tuff.4S  He  found  the  ingredients  to  be  mainly  glass  frag- 
Hients,  now  larg^  silicified.  The  present  writer,  having  a  larger  amount  of  material, 
%dded  a  number  of  substances,  largely  clastic,  to  the  list  contained  by  the  tuff;49  and 
•^rof .  Walker  and  Dr.  Barlow  have  described  them  in  their  reports  on  the  region,  the 
t«tter  quoting  Williams'  account  of  them. so 

47QTiar.  Jour.  Geol.  Soo.,  London,  1888.  Vol.  44,  p.  40. 
4itOeol.  Bur.  Oan..  1890,  pp.  74  and  5  F. 
49  Bur.  Vines,  1903,  p.  291  s  alto  Oan.  Bee.  So.,  1893,  p.  34A. 
5oOeol.  Snr.  Oan.,  1904,  p.  73  H 
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The  rock  ifi  very  dark  gray  and  compact  witk  many  specks  and  angular  fragments 
of  paler  material  and  also  of  pyrrhotite.  It  weathers  to  brownish  and  whitish  surfaoei 
which  are  very  rough^  since  some  of  the  glass  fragments  weather  out  sooner  than  the 
matrix.  Here  and  there  pebbles  or  boulders  of  red  granite  and  of  gray  quartzite  occur 
in  the  tuff,  and  also  blocks  of  a  grayish  cherty  rock,  which  takes  a  streak  from  steel, 
but  which  sometimes  weathers  in  a  way  unlike  chert.  No  bedding  has  been  observed 
by  me,  though  the  well  rounded  pebbles  enclosed  suggest  strongly  that  the  ash  was 
deposited  in  a  body  of  water.  Prof.  Walker  has  noticed  stratification,  however,  near 
Whitson  lake. 

The  rock  breaks  with  a  conchoidal  fracture  and  is  very  hard  and  brittle,  many  of 
the  included  fragments  being  changed  to  chalcedony,  and  as  Bonney  notices,  having 
occasionally  a  concentric  arrangement  due  to  water  action  since  the  rock  was  formed. 

In  thin  sections  angular  fragments  of  different  sizes  are  crowded  together  with  a 
small  amount  of  almost  opaque  material  between.  The  sharp-edged  splinters  and  frag- 
ments of  glass  are  very  striking,  some  showing  fluidal  structure,  others  apparmitly 
pumice  or  slaggy  glass  with  round  or  oval  inclusions  now  filled  with  green  serpentine, 
while  the  clear  parts  are  chalcedony.  Some  of  the  fragments  consist  entirely  of  ser- 
pentine, others  entirely  of  chalcedony,  and  still  others  of  chalcedony  on  the  outside  and 
serpentine  in  the  middle.  There  are  also  fragments  with  chalcedony  on  the  outside  and 
crowded  epidote  crystals  in  the  middle,  the  latter  mineral  occurring  also  as  radiating 
forms  in  round  masses  like  tiny  amygdiiles.  Beside  the  glass  sherds,  now  completely 
devitrified,  there  are  fragments  of  quartz  and  less  often  of  feldspar,  both  striated  and 
unstriated,  some  fibrous  hornblende,  and  also  calcite  or  some  other  carbonate,  either 
as  single  individuals  or  as  composite  masses.  The  carbonates  may  be  products  of  ^e-a^ 
rangement  of  some  Tolcanic  rock,  and  all  the  other  substances  mentioned  may  be  of 
eruptive  origin;  but  the  small  pebbles  of  quartzite  and  of  fine-grained  granite  must  be 
clastic  materials,  and  the  same  is  true  of  the  large  masses  of  the  same  rocks  endosed 
as  rounded  boulders  in  the  tuff.  The  source  of  the  blocks  of  cherty  rock  in  the  tuff  ii 
not  clear  unless  they  come  from  cherty  developments  near  the  top  of  the  next  lower 
series,  the  Trout  lake  conglomerate. 

The  best  examples  of  vitrophyre  tuff  in  my  collection  come  from  Onaping,  near 
Trout  lake  in  Bowell  township,  and  the  southern  part  of  Wisner  township.  Good 
examples  are  found  also  north  of  Whitson  lake,  where  Prof.  Walker  obtained  the  ex- 
ample which  he  analyzed  with  the  following  results  :5> 

mOi  W.PS 

AlsOs      12.12 

FeO   10.56 

MprO .S.19 

CaO   4.-19 

Na«0 3.«0 

K2O   97 

MnO tract' 

Loss  by  ignition  1 .57 

Total 98.63 

A  partial  analysis  of  the  rock  from  Onaping,  by  Dr.  Hoffman  gives  60.23  per  cent, 
of  silica,  which  does  not  differ  greatly  from  59.93. 

The  dark  gray  or  black  variety  of  tuff  described  above  passes  downwards  into  > 
paler  gray  rock  with  lighter  fragments  scattered  through  it,  the  lighter  portions  eome- 
times  containing  darker  streaks  and  spots.  The  edges  of  the  included  fragments  ar« 
not  quite  as  sharp  as  in  the  variety  described  above,  but  in  the  earlier  stages  the  main 
difference  to  tbe  seen  under  the  microscope  is  the  loss  of  the  dark  colcMring  of  the  matrix 
and  the  disappearance  of  the  smaller  chips  of  gjass,  the  larger  one  still  showing  their 
flow  structure,  etc.,  and  consisting  of  serpentine  and  chalcedony. 

Still  nearer  the  conglomerate,  at  Moose  lake,  sections  of  the  gray  rock  show  fever 
structures  which  can  be  referred  to  devitrified  glass  fragments,  and  the  whole  TOik  '^ 
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changed  to  chalcedony  or  a  mosaic  of  crystalline  quartz  with  much  epidote  and  some 
chlorite  or  mica.  Evidently  the  change  is  due  to  proximity  of  the  acid  edge  of  the  nickel 
emptiye,  which  at  this  stage  ifi  only  a  few  hundred  or  a  thousand  f^t  away.  Very 
similar  changes  are  seen  at  Onaping  hut  no  thin  sections  of  them  have  heen  studied. 

On  the  opposite  side  the  vitrophyre  tuff  passes  into  slaty  phases,  black,  with  paler 
and  also  darker  flakes,  probably  representing  flattened  fragments  of  some  kind,  perhaps 
volcanic.  Occasionally  there  is  a  small  grain  of  quartsite  also.  The  slaty  cleavage, 
while  distinct,  gives  rather  rough  surfaces  unlike  those  of  the  Onwatin  slate  into  which 
this  rock  grades. 

Thin  sections  show  plainly  that  the  slaty  rock  is  related  to  the  tuff,  since  there  is 
a  blacki  almost  opaque  ground  with  many  light-colored  angular  fragments  of  glass 
changed  to  serpentine  and  chalcedony,  sometimes  perlitic,  but  there  are  many  specks  and 
larger  areas  of  carbonates,  and  pyrite  crystals,  often  with  chalcedony  radiating  from 
them.  The  black  coloring  matter  seems  to  be  carbon  as  in  the  slate,  and  is  confined  to 
rounded  flakes  too  opaque  for  determination.  It  is  surprising  to  see  so  little  crushing 
or  stretching  of  the  glass  sherds  in  a  rock  showing  such  marked  slaty  cleavage. 

In  general  the  slaty  tuff  contains  more  of  the  ordinary  clastic  sedimentary  material 
than  the  harder  variety,  such  ss  grains  of  quartz  and  of  a  dolomitic  rock,  both  of  which 
are  present  in  large  numbers,  as  well  as  the  carbonaceous  flakes  mentioned  above.  Iti 
fact,  the  glass  fragments  form  less  than  half  the  rock,  which  is  really  a  transition 
toward  the  elate. 

THE  ONWATIN  SLATE 

The  black  slate  into  which  the  slaty  variety  of  tuff  merges  is  free  from  visible 
fragments  of  any  kind,  compact  in  appearance  and  very  cleavable,  the  cleavages  crossing 
the  stratification,  as  shown  by  slight  dfferences  in  texture.  The  surface  weathers  gray 
owing  to  the  slow  oxidation  of  the  carbon  which  gives  the  black  color  to  the  fresh  rock. 
Near  Vermilion  lake  there  has  been  a  great  deal  of  faulting  and  slickensiding  in  places, 
and  here  the  polished  surfaces  have  the  feeling  of  graphite  and  soil  the  fingers;  the 
color,  however,  is  darker  than  that  of  graphite.  Thin  slivers  turn  pale  gray  when  held 
in  a  flame  and  lose  several  per  cent,  of  their  weight,  while  a  specimen  analysed  by  Dr. 
Ellis  contained  6.8  per  cent,  of  carbon.  If  the  carbon  is  estimuted  at  5  per  cent,  of 
the  Onwatin  slate,  which  has  a  thickness  of  3,700  feet,  the  total  amount  is  460,000,000 
tons  per  square  mile.  The  area  of  slate  is  about  140  square  miles,  and  it  would  be  a 
very  respectable  coal  field  which  should  contain  as  much  fuel  as  this  sheet  of  slate.  It 
ifi  probable  that  the  carbonaceous  matter  was  originally  of  a  bituminous  kind,  since 
the  vein  of  anthraxolite  mentioned  in  a  previous  chapter  could  only  have  been  formed 
in  that  way. 

Thin  sections  are  not  very  satisfactory,  since  they  are  untransparent  unless  ex- 
ceedingly thin.  The  minerals  recognized  are  quartz,  sericite,  chlorite  and  the  dark 
colored,  opaque,  carbonaceous  matter.     No  rutile  needles  have  been  observed. 

THE  CHELMSFORD  SANDSTONE 

Overlying  the  slate  and  to  a  slight  extent  interbedded  with  it  is  che  gray  sandstone 
or  arkose  rising  as  anticlinal  hills  in  the  centre  of  the  basin.  The  rock  is  monotonous 
in  color  and  in  compositon,  but  in  places  contains  a  vast  number  of  concretions  from 
a  few  inches  to  three  or  four  feet  in  longest  diameter,  with  half  that  width.  Except 
that  the  concretions  weather  more  quickly  than  the  surrounding  rock  and  form  oval, 
somewhat  rusty  depressions,  the  surfaces  of  the  outcrops  are  singularly  uniform.  To 
the  naked  eye  the  composition  of  the  rock  is  not  evident,  except  that  grains  of  quartz 
and  sometimes  feldspar  cleavages  and  scales  of  mica  are  visible  in  the  coarsest  parts, 
where  in  rare  instances  small  pebbles  may  occur.  Thin  seams  of  gray  slate  often  part 
the  sandstone  beds,  and  may  be  squeezed  into  small  folds  and  coutotWotA.  ^^V^  ^^v^* 
age  is  marked  in  these  finer  seams  and  is  often  visible  in  tYie  %aii^\x>xv^  «,<&  ^^. 
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Thin  Becticms  of  the  slaty  layers  have  the  same  composition  as  the  Onwatin  date 
except  for  the  lack  of  the  dark  carbonaceous  snbstance.  The  sandstone  oonsiats  largely 
of  angular  or  rounded  grains  of  quarts,  though  there  are  also  decaying  grains  of  ortho- 
elase  and  microdine,  and  fresher  ones  of  oligodase,  all  imbedded  in  a  dirty  matrix, 
while  biotite  occurs  sparingly.  Thin  sections  of  the  concretions  contain  grains  of  ths 
same  minerals  to  the  extent  of  about  a  third,  the  rest  being  a  carbonate,  whidi  effer- 
vesces with  cold  acid,  so  that  the  concretions  have  the  composition  of  impure  limestone. 

The  longest  axis  of  the  concretions  is  always  parallel  to  the  strike,  probably  indi- 
cating compression,  and  the  flattening  of  the  concretions  and  the  imperfect  sbty 
cleavage  must  have  been  caused  by  the  lateral  pressure  which  produced  the  folds. 

In  previous  maps  of  the  region  the  four  subdivisions  of  the  sediments  overlying  the 
sheet  of  nickel  eruptive  have  not  been  distinguished,  and  in  some  cases  the  conglomerate, 
which  is  schistose  in  many  places,  has  been  placed  with  the  older  Huronian  sediments, 
the  large  amount  of  metamorphism  which  it  has  undergone  near  the  acid  edge  of  tbe 
eruptive  giving  it  a  much  more  ancient  appearance  than  the  other  sediments.  The 
widest  part  of  the  conglomerate,  south  of  Gk>rdon  lake,  was  fcurmerly  included  with  the 
schistose  edge  of  the  nickel  eruptive  in  the  general  Huronian  color,  which  extended  ai 
a  band  from  Gordon  lake  to  the  southwest  end  of  lake  Wahnapitae.  The  rest  of  the 
conglomerate  was  included  with  the  tuff  and  part  of  the  black  slate  under  one  color, 
the  remainder  of  the  slate  and  the  sandstone  having  a  separate  color  in  the  interior  of 
the  basin.  Until  our  work  of  mapping  the  acid  edge  of  the  eruptive  in  detail  was  com- 
plete it  was  not  known  that  the  conglomerate  formed  a  continuous,  if  sometimes  narrow, 
belt  round  the  other  sedimentary  rocks. 


DEVELOPMENT  OF  THE  NICKEL  FIELD 

The  literature  bearing  on  the  development  of  the  Sudbury  nickel  mines  has  gro^ 
to  be  very  voluminous.  Most  of  the  articles  wiU  be  found  referred  to  in  previous  r^^ 
of  the  Bureau  of  Mines ;  and  a  very  complete  resum^  of  the  subject  with  its  literal'' 
will  be  found  in  Dr.  Barlow's  report  of  1904.5^    It  will  be  unnecessary  therefore  to  co?tor 
the  whole  of  the  ground  in  detail.     It  is  intended  to  give  here  a  brief,  but  fairly  com- 
plete, account  of  the  work  done  in  the  district,  drawing  on  all  sources  of  information, 
including  personal  accounts  of  participants  in  the  work,  not  hitherto  in  print.    Though 
the  history  of  the  region  is  comparatively  short,  since  the  first  discovery  leading  to 
mining  operations  was  made  in  1884,  there  are  doubtful  points  in  regard  to  it  and 
occasional  conflicts  between  the  statements    cf    different    authorities.     The    sources   of 
information  will  be  referred  to  as  the  chapter  progresses,   but  the  most   important 
authorities  relied  on  are  Dr.  Bell,  Dr.  Barlow,  Dr.  Peters  and  Capt.  James  McArUmr. 
Most  of  the  earlier  statements  are  contained  in  the  Report  of  the  Royal  Commission  on 
the  Mineral  Resources  of  Ontario,  the  Annual  Reports  of  the  Bureau  of  Mines,  and  the 
Reports  of  the  Geological  Survey  of  Canada. 

Though  nickel  and  copper  were  discovered  in  the  Sudbury  district  in  1856  hf 
Murray,  near  what  is  now  the  Creighton  mine,  no  importance  was  attached  to  this 
occurrence  as  long  as  the  region  was  inaccessible  by  railway ;  and  the  history  of  mining 
in  the  district  dates  from  the  construction  of  the  Canadian  Pacific  railway  in  1883,  when 
Dr.  Howey  found  the  deposit  since  called  the  Murray  mine^  Barly  in  ^e  next  ystf 
a  cutting  on  the  railway  opened  up  the  same  deposit,  and  in  the  same  year  numeiotf 
other  ore  deposits  were  found,  such  as  the  Stobie,  Copper  Cliff,  Evans  and  Blesard  mis* 
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Theae  propertiea  were  all  t&ken  up  for  copper,  the  pyrrhotite  being  looked  on  as  of  no 
T»ltie,  though  it  wu  anggeeted  b;  Selwyn  end  other  geologiita  that  tbe  mineral  eomotiinei 
contained  a  little  nickel. 

It  is  snrpriaing  bow  many  of  the  more  important  mines  were  found  within  the  first 
jeftr  or  two,  but  tbe  fact  that  most  of  them  were  indicated  by  maty  hilla  of  gossan  no 
doubt  aeoonnte  for  the  ease  with  whioh  they  were  disooTered.  Eren  the  Creigbton  mine* 
tbe  latest  of  the  large  mines  to  be  operated,  waa  re-found  in  1B84.  It  ia  stated  by  Hr. 
Thomas  Frood  that  tbe  land  surveyor,  Hr.  John  McAree,  who  surveyed  tbe  township 
in  1884,  noted  tbe  bill  of  gossan.  Ur.  Frood  examined  it  in  1886  for  other  parties;  and 
in  1880  it  waa  aaonred  by  tbe  OaDadian  Copper  Oompany. 
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Dr.  Robert  Bell,  Acting  Director  Geological  Survey  of  Canada,  Ottawa,  Ont.  Dr.  Bell's 
paper  on  lie  Sudbury  Mining  Diatrict  pubfiehed  in  the  Report  of  the  Geolo^cal  Surrey  for 
1890-91  gave  the  results  of  three  seaaona'  labor  in  tbe  field  by  himself  and  aesistante.  It  wM 
accompanied  by  the  lirat  (ceolo^cal  map  of  the  region. 


The  work  of  indefatigable  prospectors,  such  as  Thomas  Frood,  Henry  Ranger,  Wtl- 
'  liam  McVittie,  A.  McCharlea  and  others  deserves  appreciative  rect^oition  in  this  ooa- 
tiection.  It  is  aatoniahing  how  quickly  and  accurately  they  grasped  tbe  important 
geolt^cal  relationships,  the  association  of  ore  bodies  with  the  diorite,  as  tbe  norite 
waa  then  named.  It  may  be  doubted  if  many  ore  deposits  of  value,  except  thoae  which 
have  no  outcrop  upon  the  surface,  have  escaped  their  keen  eyes. 

Recognition  must  also  be  made  of  the  great  assistance  fumiahed  by  tbe  map  of  the 
region  published  by  the  Geological  Survey  in  connection  with  their  1890-91  lU^ort.  This 
was  naturally  defective  in  various  respects,  since  it  simply  embodied  tbe  rough  results 
of  reconnaifSsanoe  work  in  a  wild,  bush-covered  tract  of  rocky  and  ewu&vi  c^yKcV-vj.  "^i^- 
Bell  and  Barlow  with  their  assistanta  furnished  an  exceWent  to\m&e^.u:iTi  loi  *0(i»  ^$mm- 
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p«ctor,  uid  whereTer  tlier  mapped  the  diorite,  the  ground  wu  verj  cKrefnll;  Bcumad, 
thus  aiding  in  the  rapid  developmant  of  the  oountry  from  the  mining  standpoint. 

Railways 

UnUl  there  were  means  of  conununic»tion  no  development  of  mines  could  take  place, 
nothing  more  important  than  stripping  and  prospecting  operationa  being  ponible;  aothit 
the  derelopment  of  the  Tarions  minee  was  dependent  on  the  building  of  branches  from  th« 
new  Canadian   Pacific  railway,  which  fortunately  intersected  the  region.     The  Sanlt 


Dr.  Eiiward  D.  Peters,  Dorcliesler,  Maw.  Dr.  Pelei« 
ie  a  well-known  authority  on  modern  proceswe  of  copper 
smelting,  and  was  genemi  manager  of  the  Canadian 
Copper  Company  from  June,  1888.  to  May,  1890. 

branctf,  running  eouthweet  from  the  junction  at  Sudbury,  was  easily  connect«d  with  th> 
Copper  GliS,  Evans  mine  and  other  adjacent  mines  by  short  switches.  The  Stobie  and 
Bleeard  required  a  branch  five  miles  long  to  the  north;  and  a  short  epor  from  Stobia 
provided  an  cutlet  for  the  Frood,  or  No.  3,  mine.  The  Murray  mine  was  already  on 
the  line  of  the  G.  P.  R.  and  required  only  a  siding.  These  early  mines  were  eMly  ud 
cheaply  put  in  connection  with  the  railway;  but  before  the  Oertrnde,  Greighten  and 
North  Star  mines  could  be  operated  it  was  necessary  to  build  eleven  miles  of  expeaiin 
track  to  the  west  of  Sudbury,  so  that  their  development  had  to  await  the  construction 
of  a  part  of  the  Manitoulin  and  North  Shore  railway. 

The  northern  nickel  range  is  still  without  railway  connections,  and  so  cannot  develop 
beyond  the  exploration  stage. 

The  Canadian  Copper  Company 

The  history  of  the  development  of  the  Sudbury  nickel  regim  ia  ver^  largely  thi 
bietorj  of  the  operations  ai  Ibe  CKna&i&n  Co^^ox  Ccn&^t.n.'g,  and  one  natorally  takes  thii 
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op  first.  la  1885,  before  the  cotnpan^  was  organued,  Mr.  S.  J.  Ritchie  wm  interested 
in  th^  regum  *nd  employed  Mr.  John  D.  Evans  to  snrvejr  sereral  loustions  containing 
copper  depoaita.  The  Lady  Maodonald  mine,  now  mine  No.  4,  north  of  Lady  Macdon- 
ald  lake,  was  the  first  property  on  which  work  was  done;  but  the  Evans  mine,  sonth  of 
what  ii  now  the  Baalt  branch  of  the  Oanadian  Pacific  railway,  near  Copper  Ctifl,  was 
•Qon  after  cqiened  np.  Early  in  1886  the  Canadian  Copper  Company  was  ontaniaed, 
with  Mr.  AahmaD  as  saperintendent,  and  Mr.  Evans  as  engineer,  and  work  began  on 
the  Copper  Cliff  mine  in  lot  13,  con.  II,  of  McEim  township.  Hr.  Evans  rtates  that  a 
road  was  cut  through  second  growth  woods  from  the  Sault  branch  to  the  mine,  which 
was  then  known  as  "The  Buttea."  On  the  20th  of  May  a  cutting  was  started  about  half 
way  np  the  slope,  and  as  soon  aa  the  rock  was  reached  rich  ore  wm  exposed.       Then 


Capt.  James  McArlhor 

mana^r  CanaJiaiL  i^uppt^r  vuEiipujjy  n 
smelting  works,  Copper  Cliff. 

another  horizontal  cutting  was  made  near  the  bottom  of  the  slope  reaching  ore.  Quarry- 
ing of  ore  then  began  from  the  nearly  vertical  outcrop,  and  continued  uninterruptedly 
all  the  season,  and  S.OOO  tons  of  ore  were  shipped  at  one  time  to  New  York  for  treat- 
ment.  Up  to  this  time  nickel  was  not  suspected,  but  in  the  treatment  of  this  large  lot 
of  ore  the  nickel  contents  were  discovered. 

The  &rat  ore  taken  from  the  Copper  Cliff  is  said  to  have  contained  16  to  20  per 
cent,  of  copper,  the  ore  having  been  enriched  in  copper  abore  the  water  level,  below 
which  it  gradually  ran  down  to  8  or  10  per  cent,  of  tapper  and  nickel.  It  has  proved 
to  be  the  richest  in  copper  of  the  large  mines,  though  surpassed  in  percentage  of  nickel 
by  the  Oreigfaton. 

Two  other  mines,  the  Stobie  and  the  Evans,  were  opened  np  later  in  1886,  and 
the  three  mines  supplied  most  of  the  ore  treated  by  the  company  until  1899,  when  the 
Evans  was  shut  down.  The  Evans  was  worked  mainly  as  an  open  pit,  and  with  the 
exception  of  two  idle  years  furnished  ore  from  the  be^nnm^  ot  a^nT».\\ac&  ^^'iS^  '^  ^^^ 


Bureau  of  Mines 


doMd.  The  Stobie  mine,  six  milw  to  the  northeast,  in  lot  6,  ocMi.  I,  of  BlASKitl  tondup, 
wu  mooh  the  tftrgest  producer  in  the  district  nnti!  the  opening  of  the  Creighton.  It 
was  worked,  with  the  exception  of  one  year,  from  1886  to  1901,  when  it  wm  closed  down 
finaUr  after  prodacing  more  than  400,000  tons  of  ore.  It  waa  worked  partly  in  optn 
pits  and  partly  by  under  ground  mining.  The  ore,  though  not  high  grade,  was  Im 
mixed  with  rock  than  nanal,  and  was  UBefnl  in  finxing  the  richer  bnt  more  silicinu 
ores  of  the  other  two  mines,  since  it  consisted  largely  of  solid  sulphides. 

In  1898  two  new  mines  became  producers.  No.  1,  s  short  distance  southwest  tt 
Copper  Oliff,  and  No.  3,  north  of  Copper  Cliff;  the  former  providing  rich  ore  for  a  yMt, 
and  the  latter  average  ore  in  much  large  quantity.  No.  3  has  been  worked  mainly  v 
an  open  pit,  the  opening  giving  a  very  impressiTe  idea  of  the  sise  and  shRpe  of  an  (rfW 


n  that  year;  he  had  cnsr^  of  constructing  the  first 
smelting  works  tor  that  Company  under  Dr.  E.  Peters 
in  168S,  the  first  shipment  of  matte  being  male  there- 
from 22ndiMBrch,  1889;  and  was  general  manager  of  the 
Company  from  May,  1890,  to  June,  1893. 

ore  body,  bnt  one  or  two  levels  have  been  opened  up  beneaUi  the  bottom  of  the  pit  bj 
underground  mining.  When  the  Creighton  came  into  full  operation  in  1903  this  mis* 
closed  down. 

In  IB99  and  two  following  years  mines  No.  4  and  5,  northwest  of  No.  3,  yieldtd 
■ome  ore,  and  in  1900,  No.  3,  a  mile  southwest  of  the  Btobie,  often  known  u  the  Frood 
mine,  began  to  supply  considerable  quantities  of  ore  containing  some  intermixed  rock, 
atking  it  a  useful  flux  for  the  soWd  p-jTT^LoV.vte  &nd  chalcopyrite  of  the  Creighton  mis*- 
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In  »  yeftr  or  two  it  alao  wu  closed  down.  Tha  ore  from  the  Frood  *nd  Btobie  min«B  wu 
brought  by  rail  to  Copper  Cliff,  whera  it  VM  mixed  with  the  ore  of  other  mines  on  tha 
roaat  heaps. 

In  1900  the  great  Creighton  mine,  aix  miles  west  of  Copper  Cliff,  was  stripped,  and 
in  tha  followii^  year  began  to  ship  ore  via  the  Uanttonlin  and  North  Shore  railway  to 
Copper  CUB.  As  the  deposit  is  immense  and  csn  be  worked  cheaply  as  an  open  pit, 
while  the  ore  averages  higher  in  grade  than  any  other  in  the  district  except  the  Copper 
OliS,  this  mine  has  supplied  almost  tha  whole  reqnimnents  of  the  compsny  for  tlio  last 
three  years,  and  the  other  mines  have  practically  ceased  operations.  In  spite  of  the 
richness  of  the  Copper  Cliff,  which  has  produced  some  ore  very  high  in  nickel  from  its 
deepest  workings,  it  has  been  closed  down  after  reaching  a  depth  cf  more  than  1,000  feet. 


A.  E,  Barlow,  of  the  Geological  Survey  of  Cauada. 
Dr.  Barlow's  Report  on  the  Nickel  and  Copper  Depoaite 
of  the  Sudbury  Mining  District,  published  in  1B04  as 
Part  H  of  the  Geological  Survey's  Fourteenth  annual 
volume  is  a  full  and  adequate  treatment  of  the  subject 

During  the  summer  of  1904  the  Creighton  produced  about  18,000  tons  of  ore  per 
month,  and  in  total  amount  of  ore  it  already  far  surpasses  any  other  mine  in  the  district 
or  in  the  world.  The  closing  of  all  the  other  mines  is  stated  to  be  due  to  the  ease  of 
mining  and  richness  of  the  Creighton,  not  t«  exhaustion  of  the  ore  bodisa.  If  the 
Creighton  becomes  worked  out  in  the  process  of  years,  there  are  supposed  to  be  large 
reserves  of  ore  still  left  in  some  of  the  other  mines. 

SMELTINO  OPERATIONS 

The  first  smelting  works  was  begun  in  July  188B,  under  the  direction  of  the  well 
known  metallurgist.  Dr.  Peters,  Mr.  James  McArthur  and  Mr.  J.  D.  Evans  being  hb 
assistants;  and  the  furnace  was  blown  in  on  the  23nd  of  December.  This  was  the  east 
smelter,  which  has  now  been  out  of  operation  for  several  years.  The  first  shipment  at 
matte  was  made  on  the  22nd  March  1880. 
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In  1890  Dr.  Peters  was  succeeded  m  msnager  by  Mr.  Woodbury,  who  retained  fkt 
office  only  Uiree  months,  when  Mr.  Evans  was  appointed  manager  and  oontinaed  in  tint 
position  till  the  end  of  June  1893.  A  bessemer  plant  was  commenced  in  1691,  and 
completed  in  January  1892. 

Mr.  James  McArthur  succeeded  Mr.  Evans  as  manager  in  1893,  and  continued  ii 
(hat  position  until  1902.  During  his  regime  the  west  smelter  was  erected  near  No.  S 
mine  in  1899,  and  the  old,  or  east,  smelter  about  three  years  later  suspended  operatiois. 
In  1900  a  new  method  of  changing  the  low  to  high-grade  matte  was  adopted,  and  ths 
Orford  Copper  Company  put  up  the  Ontario  Smeltiuj  works,  a  short  distance  aonth- 
west  of  the  Copper  Cliff  mine.  In  this  pl.int  the  low-grade  matte  was  roasted  in  Bro« 
calciners,  and  then  smelted  a  second  timi>  in  s  water  j'lcket  furnsce,  rhnngiDK  a  30  pA 
cent,  matte  to  one  averaging  76  per  cent,  of  nickel  and  copper,  corresponding  nesrlj 
to  the  lormer  heaemer  matte. 

In  April  1902,  the  Canadian  Copper  Company  passed  under  the  control  of  tie 
International  Nickel  Company,  organized  to  take  over  this  and  a  number  of  other 
companies.  Mr.  A.  P.  Turner  was  made  president  of  the  Canadian  Copper  CompanT> 
and  Mr.  John  Lawson,  superintendent. 


The  second  annual  report  of  this  companf  describes  it  as  a  consolidation  of  min* 
and  smelters  in  the  United  States,  Canada,  Great  Britain  and  New  Caledonia,  ineloiJing 
the  Canadian  Copper  Company,  Orford  Copper  Company,  Anglo-American  Iron  Compsoy, 
Vermilion  Mining  Company,  American  Nickel  Works,  Nickel  Corporation,  Limited,  tnd 
the  Sooidt^  Miniere  Caledonienne.  According  to  its  statement  of  cnpitn)  sccoDDt  ■■ 
1904  "the  total  assets  of  the  company  were  830,896,167,  divided  as  follows:  PropsrtT 
of  constituent  companies,  $26,864,276;  Ray  Copper  mine,  S40,000;  advaness  to  N«« 
Caledonia  companies,  $348,363;  inventories,  $2,827,774;  cash  and  aoconnts.  $815,755; 
toUi  assets,  $30,896,167;  common  stock,  $8,912,626;  preferred  stock,  $8,613,636;  rtee^ 
o/ constituent  companies,  $55,643;  {iTsb  moi\«,a%ft  &  ^w  ikd,^.  faQnds,  |10,!Hl,896;  loss*, 


1905  Development  of  the  Nickel  Field  141 


oonnts,  etc.,  $1,617,476;  depreciation  fund,  $412,709;  surplus  account,  $763,251;  total, 
0,896,167.  The  income  account  for  the  year  shows  the  folowing  receipts:  Earnings 
)m  constituent  companies,  $936,471 ;  other  income,  $29,754.  Charges  were :  For  gen- 
al  expenses,  $112,185;  interest,  $512,938;  total,  $625,123.  The  net  balance  carried  to 
rplus  account  amounted  to  $341,102. ''54 

Following  the  combination  just  mentioned  many  changes  took  place  in  the  work 
the  company.  Mining  was  gradually  limited  to  the  Creighton  mine,  and  experiments 
sre  made  in  regard  to  new  methods  of  treating  the  ore,  such  as  pyritic  smelting  in 
ace  of  roasting  the  ore  before  smelting.  Many  improvements  werb  made  in  the  town 
'  Copper  Cliff,  and  the  remoyal  of  most  of  the  roast  beds  from  the  yicinity  of  the 
»wn  to  a  swamp  behind  the  hilb  to  the  north  permitted  to  some  extent  the  growth 
vegetation,  so  that  the  town  was  once  more  in  sight  of  grass  and  green  trees. 

It  was  decided  to  build  a  new  smelter  on  much  improyed  and  extended  plans  half 
mile  to  the  east  of  the  west  smelter,  and  the  work  was  brought  to  completion  in  the 
11  of  1904.  Meantime  both  the  Ontario  Smelting  works  and  the  west  smelier  were 
urned,  hampering  operations  for  the  time.  After  this  the  low-grade  matte  was  shipped 
)  Victoria  mines,  whose  smelter  had  been  leased  for  six  months  from  the  Mond  oom- 
iny,  and  there  bessemerized,  pending  the  completion  of  the  converter  plant  of  the  new 
nelter.  The  two  550-ton  furnaces  of  the  new  smelter  are  far  larger  than  those  of 
le  old  ones,  and  it  is  expected  that  they  will  permit  an  approach  to  pyritic  smelting, 
•  that  a  smaller  proportion  of  the  ore  will  require  roasting  than  formerly. 

The  new  works  are  very  advantageously  placed  on  a  hill  side,  so  that  all  ore  and 
ipplies  may  come  in  by  rail  at  a  high  level,  while  tracks  at  the  level  of  the  valley 
slow  take  charge  of  matte  and  slag,  giving  plenty  of  opportunity  for  disposing  of  the 
tter  without  clogging  up  the  immediate  surroundings  of  the  smelter. 

The  company  is  now  developing  a  large  water  power  on  Spanish  river  with  which 
I  supply  electric  power  for  all  purposes  at  the  smelter,  thus  saving  fuel  for  steam, 
hich  is  very  expensive  in  the  Sudbury  region. 

After  a  long  period  of  conservative  but  prosperous  work  in  the  past,  the  company 
nder  new  and  progressive  management,  is  making  fresh  departures  in  various  directions ; 
nd  it  is  to  be  hoped  that  the  new  methods  will  prove  even  more  successful  than  the  old. 

H.  H.  Vivian  and  Company 

Although  the  Murray  mine  was  discovered  before  the  Copper  Cliff  and  Stobie  mines, 
.  was  not  worked  until  it  passed  into  the  hands  of  the  famous  Welsh  metallurgical 
^mpany,  the  Vivians,  who  began  to  develop  it  in  1889.  With  one  or  two  short  inter- 
aptions  it  was  worked  until  1894.  In  1890  the  first  blast  furnace  was  blown  in,  and 
le  ore  was  treated  in  the  usual  way,  by  roasting  in  heaps,  smelting  in  water- jacketed 
irnaces  to  a  low-grade  matte,  and  bessemerizing  this  to  a  high-grade  matte.  The 
lanh^  converter  was  first  used  in  the  concentration  of  nickel  matte  at  the  Murray 
nelter.  The  low-grade  matte  is  said  to  have  contained  only  9.4  per  cent  of  nickel 
ad  4.7  per  cent  of  copper,  giving  cleaner  slags  than  by  the  Copper  Cliff  method,  which 
reduced  matte  containing  about  30  or  35  per  cent,  of  the  two  metals.  The  bessemer 
latte  at  the  Murray  reached  nearly  the  same  grade  as  that  of  the  Copper  Cliff,  running 
'om  70  to  75  per  cent,  of  the  two  metals.  The  highrgrade  matte  was  shipped  to 
wansea  for  final  treatment. 

Since  1894  the  mine  has  remained  closed  down,  but  5,000  or  6,000  tons  of  roasted 
re  were  smelted  in  1896,  the  matte  being  sent  to  the  Whartons  of  New  Jersey. 

The  ore  is  said  to  have  contained  35  per  cent,  of  iron,  23  per  cent,  of  sulphur,  2 
er  cent,  of  nickel,  0.8  per  cent,  of  copper,  and  about  40  per  cent,  of  matrix.  The 
ure  sulphides  averaged  3.6  to  3.75  of  nickel  and  nearly  half  as  much  copper. 


54lClneraI   Induitry,   1903.  p.   276. 
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Since  then  the  only  work  done  has  been  exploratory  by  diamond  drilling  at  the 
Murray  mine  and  also  at  the  Lady  Violet  mine,  on  the  north  half  of  lot  1,  con.  IV, 
of  Snider,  about  a  mile  and  a  half  southwest  of  the  Murray  mine. 

The  Ontario  Gk>yernment  drill  was  used  toward  the  end  of  188&  and  the  fixat  hall 
of  18d9,  but  no  definite  statement  has  beeA  made  as  to  the  re8u]t8.54 

Though  the  Murray  mine  was  not  one  of  the  richest,  it  is  probable  that  competent 
local  management  would  have  given  better  results  than  were  obtained  by  management 
from  England;  and  the  failure  and  withdrawal  frcHU  the  region  of  so  well  known  t 
firm  does  not  necessarily  condemn  the  mining  district. 

Dominion  Mining  Company 

The  Dominion  Mining  Company  owned  and  worked  for  some  time  the  Bleaard  mine, 
a  mile  north  of  the  Stobie,  in  lot  4,  con.  II,  Blezard  township,  and  the  Worthington 
mine  at  the  station  of  the  same  name  on  the  Sault  branch  about  25  miles  west  of 
Sudbury.  The  former  mine  was  opened  up  in  1889,  and  in  the  following  year  the 
Inspector  of  Mines  states  that  50,000  tons  of  ore  had  been  raised.  A  smelter  was  con- 
structed and  the  ore,  after  being  roasted  in  heaps,  was  smelted  in  Herreshoff  fumaoei 
to  a  matte  ayeraging  27  per  cent,  nickel  and  12^  per  cent,  copper,  which  was  marketed 
without  bessemerizing.  The  ore  from  the  Worthington  mine  which  was  opened  shortly 
after  was  partly  rich  enough  in  nickel  to  be  shipped  direct  to  market,  while  the  rest 
was  smelted  with  the  Blezard  ores.    In  1893  the  mines  were  shut  down. 

Mr.  Robert  McBride,  who  was  in  charge  of  the  Blezard  mine  in  1892,  says  that  for 
about  a  year  and  a  half  under  his  management  the  mine  produced  3,000  tons  of  ore 
per  month,  but  he  was  unable  to  estimate  the  amount  raised  before  that.  HowoTer, 
it  seems  probable  that  more  than  100,000  tons  had  been  raised  before  the  mine  was 
closed.  The  ore  is  said  to  have  contained  5  to  7  per  cent,  of  nickel  and  copper,  Ihe 
nickel  being  more  than  double  the  copper  in  amount,  and  apparently  rivalling  that 
of  the  Creighton  in  richness.  Very  little  ore  is  left  on  the  rock  dump,  showing  that 
the  work  was  done  with  unusual  care. 

The  smelter  treated  not  only  the  ore  from  the  Blezard,  but  also  that  from  Worth- 
ington, which  began  work  in  1890,  and  continued  to  produce  ore  till  September,  1894. 
Since  then  the  mine  has  been  shut  down.  The  Worthington  has  produced  the  richest 
nickel  ore  in  the  district,  running  from  8  per  cent,  upwards ;  and  specimens  of  nickelite 
occurring  there  reach  43  or  44  per  cent,  of  nickel.  The  total  amount  of  ore  mined  is, 
however,  small,  being  estimated  at  only  25,000  tons. 

Mond  Nickel  Company 

Dr.  Ludwig  Mond  is  known  as  the  inventor  of  the  carbon-monoxide  method  of 
refining  nickel  by  volatilizing  it  in  connection  with  this  gas,  and  then  depositing  it 
again  by  suitable  changes  of  temperature.  Having  found  a  method  of  refining  the 
metal,  he  became  interested  in  obtaining  a  deposit  of  the  ore,  and  in  1899  bought  the 
McConnell  mine  on  the  north  half  of  lot  8,  con.  IV,  of  Denison  township,  about  thiree 
miles  northeast  of  Worthington. 

The  smelting  works  were  located  two  miles  south  at  what  is  now  Victoria  Mines 
station,  on  the  Sault  branch.  The  ore  is  transported  11,000  feet  by  an  aerial  tramway 
from  the  mine  to  the  smelter,  and  mine  and  smelter  are  under  the  management  of 
Mr.  H.  W.  Hixon.  At  first  the  ore  was  roasted  near  the  village  on  th)e  railway,  bat 
later  the  roast  beds  were  removed  to  a  point  about  half  way  to  the  mine,  and  the 
vegetation,  partly  destroyed  near  the  village,  is  reviving  again. 

Until  the  completion  of  the  new  Copper  CliflF  smelter,  the  plant  at  Victoria  Mines 
was  the  most  modern  and  complete  in  the  district. 


54  Bar.  tfines,  1901,  p.  S6. 
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Th«  rom>t«d  ore  ia  amelted  in  much  the  usual  way  to  a  low-grade  matt«,  which  is 
ran  into  besMmer  oonreitflrs  and  blown  until  a  matte  of  about  80  per  cent,  of  nickel 
and  copper  it  produced.  This  u  shipped  to  the  Mond  nickel  refinery  at  Clydach,  Wales. 
It  ia  said  that  difficulties  arose  in  the  refining  process  at  first,  bo  that  the  works  at 
Clydach,  were  unable  to  refine  the  matte  as  fast  as  it  was  produced  at  Victoria  mines. 
The  mine  and  imeltflr  were  shut  down,  probably  on  this  account,  in  December  1909, 
and  were  not  in  operation,  except  for  a  few  mouths  in  the  summer  of  1903.  until  the 
latt«r  end  of  1901.  It  is  believed  that  the  difficulties  have  been  overcome,  so  that  the 
work  of  the  mine  and  the  smelter  may  now  go  on  continuously. 


Dr.    Ludwig   Monil,    Ijondoii,  Eug.,     President   Mond 

Nickel  Company  and  inventor  ofthecarbunmoiioxide 

method  o(  refining  nickel. 

In  1903  the  Mond  company  took  an  option  on  the  North  Star,  or  McCharlea  mine, 

on  lot  9,  cona.  II  and  III,  of  Snider  township,  and  also  on  the  Little  Stobie,  two  mile* 

west  of  Bleeard  mine;  and  the  ore  from  these  mines  was  shipped  to  Victoria  mines 

for  treatment.       Mining  operations  have  been  continued  on   the  North  Star,  which 

seema  to  hare  developed  into  a  good  mine,  but  work  was  not  long  continued  on  the 

Little  Btobie. 

Lake  Superior  Power  Company 
The  liake  Superior  Power  Company  opened  up  two  mines  on  the  main  nickel  range, 
the  Gertruds  about  two  miles  west  of  the  Creighton,  and  the  Elsie  just  wast  of  the 
Murray  mine.  Their  work  began  in  1899  with  the  Gertrude  mine,  which  at  that  time 
showed  pyrrhotita  with  very  little  chalcopyrite ;  and  it  was  intended  to  use  this  ore 
for  the  production  of  the  sulphur  dioxide  required  in  making  sulphite  pulp  at  Sault 
Ste.  Marie;  the  roasted  ore  being  afterwards  electrically  smelted  to  ferro-nickel.  A 
considerable  amount  of  copper  pyrites  was  encountered  later,  and  most  of  the  ore  of 
the  Qertrnde  and  also  of  the  Elsie  bad  to  be  treated  according  to  the  methods  usnal 
in  tlu  district. 
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Roast  beds  were  prepared  at  Gertrude,  where  the  ore  from  Elfiie  mine  waa  treated 
also;  and  the  roasted  ore  was  melted  to  matte  in  water- jacketed  furnaces. 

The  Elsie  mine  produced  more  than  35,000  tons  of  ore  and  the  Gertrude  16,000| 
but  all  work  on  the  mines  and  smelter  ceased  at  the  time  when  the  company  collapsed 
early  in  the  summer  of  1904.  The  matte  was  stored  at  the  smelter,  and  methods  of 
refining  it  have  yet  to  be  devised.  A  long  series  of  experiments  in  the  refining  of  nickel, 
electrolytically  and  otherwise,  was  made  at  the  company's  works  at  Sault  Ste.  Marie, 
apparently  without  finding  a  satisfactory  process. 

Other  Companies 

In  addition  to  the  companies  whose  history  has  just  been  sketched  a  number  of 
ventures  in  mining  and  treating  nickel  ore  have  been  made  in  the  Sudbury  district; 
but  none  have  proved  succesful,  and  few  of  them  were  of  much  importance.  The 
Drury  Nickel  Company,  having  purchased  the  Travers  or  Chicago  mine,  on  lot 
3,  con.  y,  Drury  township,  did  some  mining  in  1891,  and  roasted  and  smelted  some 
thousands  of  tons  of  ore  in  that  year  and  in  18%.  The  matte  was  carried  by  a  one- 
rail  overhead  tramway  to  Worthington  station,  seven  miles  away,  to  be  bhipped  to  the 
United  States;  but  in  1897  the  work  was  finally  closed  down. 

At  several  other  mines  shafts  have  been  sunk  and  considerable  development  work 
done,  but  none  of  them  have  raised  any  large  amount  of  ore;  nor  have  any  of  them 
operated  smelters.  References  to  them  will  be  found  in  Dr.  Barlow's  very  complete 
history  of  the  development  of  the  region  ;55  so  that  details  need  not  be  given  here. 

Twc  attempts  at  novel  methods  of  smelting  and  refining  the  ores  should  perhaps  be 
mentioned.  The  Great  Lakes  Copper  Company  made  an  experiment  of  this  kind  at 
the  Mount  Nickel  mine,  on  lots  5  and  6,  con.  11,  of  Blezard,  between  the  Little  Stobie 
and  Blezard  mines.  The  mine  is  stated  to  be  well  supplied  with  ore  but  the  smelting 
works,  planned  by  Anton  Graf,  of  Vienna,  were  a  failure,  and  work  soon  ceased.  The 
Hoepfner  Refining  Company  of  Hamilton,  undertook  the  electrolytic  refining  of  nickel 
and  copper  in  1899,  and  constructed  works  just  west  of  Worthington;  but  the  process 
was  unsuccessful,  and  a  later  attempt  by  Mr.  Hans  A.  Frasch  was  likewise  a  failure; 
so  that  operations  ended  in  1901. 

Some  mention  should  be  made  of  Mr.  Edison's  persistent  endeavors  to  locate  nickd 
properties  in  the  region  by  dip  needle  methods.  Mr.  Edison's  invention  of  what  is 
stated  to  be  an  exceedingly  light  and  efficient  storage  battery  in  which  nickel  plaja 
a  large  part  gave  the  incentive  for  the  exploration.  Three  season's  work  covered  most 
of  the  likely  spots,  where  swamps  or  drift  covered  the  ranges,  and  therefore  where 
ordinary  prospecting  methods  must  fail  of  success;  but  the  results  have  been  negative. 
Several  test  pits  and  diamond  drill  holes  have  been  sunk  at  points  where  there  were 
notable  disturbances  of  the  dip  needle,  but  no  ore  of  importance  was  discovered. 
Similar  work,  but  with  more  delicate  instruments,  has  been  carried  on  by  the  Mend 
and  Lake  Superior  Power  companies,  in  the  first  case  by  the  well-trained  Swedish 
engineer,  Mr.  Erik  Nystrom;  but  the  results  leave  doubts  as  to  the  value  of  this 
method  of  prospecting  for  pyrrhotite,  though  it  is  of  great  value  in  exploring  for  mag- 
netic iron  ore.  The  methods  are  described  in  detail  and  in  a  thoroughly  scientific  way 
by  Dr.  Eugene  Haanel  in  a  report  on  the  "Location  and  Examination  of  Magnetic  Ore 
Deposits  by  Magnetomctric  Measurements,"  issued  by  the  Department  of  the  Interior, 
Ottawa. 

At  the  present  time  only  two  companies  are  actually  at  work,  the  Canadian  Copper 
Company  and  the  Mond  Company.  Both  seem  to  be  firmly  established  with  good  mines 
and  satisfactory  methods  of  smelting  and  refining  the  ore,  so  that  the  futuce  should 
be  prosperous.     Most  of  the  companies  which  have  failed  did  so  because  of  lack  of  capital 
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>r  of  experience,  or  because  they  had  no  well  worked  out  method  of  refining  the  matte. 
nie  am^ting  of  roasted  ore  to  make  standard  matte  and  the  treatment  of  this  matte 
In  bessemer  converters,  so  as  to  raise  its  contents  of  nickel  and  copper  to  70  or  80  per 
:ent.,  is  comparatively  simple;  the  real  difficulty  comes  in  the  refining  of  the  bessemer 
matte,  and  up  to  the  present  only  two  processes  seem  to  be  successful  on  the  large 
icale,  and  both  are  in  the  hands  of  companies  which  have  their  own  supplies  of  ore. 
There  appears  to  be  no  market  open  for  even  the  high  grade  matte,  though  the  metal 
18  in  demand. 

Of  the  two  companies  at  work  in  the  Sudbury  district  the  Canadian  Copper  Com- 
pany has  much  the  largest  holdings  of  nickel  properties,  including  the  greatest  nickel 
nine  in  the  world,  the  Creighton  mine.  There  are  still  numbers  of  nickel  deposits  in 
^6  region  in  other  hands,  some  of  them  large  and  promising ;  but  the  possession  of  the 
Dreighton  mine  gives  the  Canadian  Copper  Company  a  distinct  advantage  over  its 
poBsible  rivals,  since  at  present  there  is  no  prospect  that  any  other  deposit  will  equal 
that  famous  mine. 

It  is  natural  that  the  Canadian  Copper  Company  should  have  aroused  some  hot- 
bility  and  jealousy  in  its  long  and  successful  career;  but  it  is  only  fair  to  add  that  its 
steady  persistence  in  developing  the  nickel  resources  of  the  region  has  been  the  main-^ 
itay  of  mining  in  the  Province  of  Ontario  for  a  number  of  years,  and  a  fair  reward 
ihould  be  reaped  for  its  conatancy  in  going  on  with  its  work  under  discouraging  con- 
ditions  in  its  earlier  years. 

Other  Nickel  Regions 

Nickel  is  a  widely  spread  metal,  but  very  few  regions  contain  its  ores  in  quantities 
bliat  can  be  profitably  mined.  Outside  of  the  deposits  connected  with  the  great  eruptive 
iheet  which  has  been  described  in  earlier  pages,  pjrrrhotite  with  some  nickel  has  been 
reported  from  many  ether  points  in  northern  Ontario,  especially  at  the  east  and  south 
west  of  the  main  nickel  region.  Numeroue  small  deposits  of  pyrrhotite  occur  near 
Nairn  Centre,  southwest  of  Worthington,  and  a  small  amount  of  work  in  the  way  of 
■tripping  has  been  done  upon  some  of  them,  without  important  results;  though  ore 
Dontaining  1.95  of  nickel  is  reported  from  lots  1  and  2,  con.  Ill,  of  Nairn.  The 
deposits  here  and  in  Lome  may  really  be  connected  with  the  Worthington  offiset,  though 
the  ore  found  in  them  is  much  lower  in  nickel. 

To  the  east  of  the  nickel  eruptive,  northeast  of  lake  Wahnapitae,  several  locations 
were  taken  up  years  ago  for  nickel.  Ore  from  Boucher's  mine  gave  1.57  per  cent,  of 
nickel,  or  2.1  per  cent.,  if  pyrrhotite  free  from  gangue  be  taken.  Similar  small  bodies 
of  pyrrhotite  occur  south  of  Ramsay  lake.  All  these  deposits  have  a  possible  connection 
with  the  main  nickel  eruptive,  but  all  are  small  in  size  and  low  in  grade. 

Much  larger  masses  of  pyrrhotite  have  been  found  in  other  parts  of  northern  Ontario, 
is  between  lake  Temagami  and  Net  lake,  but  of  too  low  a  grade  to  be  of  importance.  5^ 

Much  more  prcmiising  are  the  extraordinary  deposits  of  native  silver,  cobalt  and 
nickel  ores  of  Coleman  township  near  lake  Temiskaming,  where  considerable  quantities 
of  one  of  the  richest  ores  of  nickel  occur.  Mixed  with  smaltite  one  finds  large  masses  of 
nickelite;  so  that  nickel  is  one  of  the  valuable  ingredients  of  the  ore,  though  cobalt 
and  silver  are  of  much  more  importance.  Unless  much  larger  deposits  of  this  ore  are 
found,  the  Temiskaming  mines  will  not  prove  serious  competitors  of  the  Sudbury  region 
is  nickel  producers.  Detailed  accounts  of  these  remarkable  deposits  are  given  by  Prof. 
W»  G.  Miller  in  this  and  former  reports  of  the  Bureau  of  Mines.57 

Nickel  ores  have  been  reported  from  many  other  parts  of  Canada,  especially 
British  Columbia  and  New  Brunswick.    Near  St.  Stephen  in  the  latter  province  pyrrho- 
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tite  with  a  little  copper  pyrites  is  found  in  masses  of  gabbro  catting  slate,  the  amount 
being  considerable;  but  the  ore  contains  only  from  .92  to  2.62  nickel,  with  some  cobalt 
and  copper,  so  that  the  ore  is  low  as  compared  with  Sudbury  ore^.^ 

Dr.  Barlow  mentions  numerous  other  localities  in  Canada  where  trifling  amounts 
of  nickel  ore  have  been  found,  usually  much  lower  in  nickel  than  the  Sudbury  ore,  and 
none  of  them  likely  to  be  of  practical  importance.59  With  his  very  complete  account 
there  are  tables  showing  the  results  of  a  large  number  of  assays  of  such  ores,  made  in 
Dr.  Hoffman's  laboratory  at  Ottawa. 

UNITED  STATES  NICKEL  DEPOSITS 

The  first  nickel  produced  in  America  was  obtained  in  1863  from  the  Gap  mine 
in  Lancaster  county,  Pennsylyania ;  and  it  has  a  special  interest  to  Canadians,  since 
the  methods  adopted  by  Joseph  Wharton  in  refining  the  metal  were  later  of  importance 
in  the  treatment  of  our  own  ores.  ^The  mine  contained  mainly  pyrrhotite  and  chaloo> 
pyrite,  and,  like  the  Sudbury  deposits,  was  first  taken  up  for  its  copper  ore,  the  nickel 
contents  of  the  ore  being  discovered  later.  It  is  associated  with  an  eruptive  mass  of  s 
much  more  basic  kind  than  the  Sudbury  norite,  and  like  the  Sudbury  ore  depoeiti, 
was  probably  due  to  magmatic  segregation.  The  ore  was  of  much  lower  grade  than  the 
Canadian,  yet  for  a  number  of  years  it  was  the  most  important  nickel  mine  in  America. 
After  running  from  1863  to  1891  it  was  finally  closed  down  in  the  latter  year.^ 

Nickel  ores  of  an  entirely  different  type,  resembling  those  of  New  Caledonia,  bsve 
been  found  in  Oregon  and  North  Carolina.  The  Oregon  deposits,  in  Douglas  county, 
are  irregular  masses  of  hydrated  silicates  of  nickel  and  magnesia  in  serpentine,  formed 
by  the  alteration  of  peridotites  or  related  rocks.  The  ore  occurs  as  loose  boulders  on 
the  surface  and  in  veinlets  in  the  serpentine,  but,  up  to  the  present,  no  ore  bodies  of 
workable  dimensions  have  been  found.  In  North  Carolina,  the  relationships  a>e  similsr, 
and  the  pale  green  mineral  genthite,  a  hydrous  silicate  of  nickel  and  magnesia  was 
discovered  there.     No  ore  of  importance  has  been  mined,  however. 

A  small  quantity  of  nickel  occurs  with  the  lead  ores  of  Mine  la  Motte  in  Missouri; 
and  the  metal  is  recovered  as  a  by-product  'in  the  treatment  of  the  ores.  In  1903  the 
United  States  is  reported  to  have  produced  from  domestic  ores  57  tons  of  nickel, 
apparently  from  this  mine. 

Though  the  United  States  has  dropped  out  of  the  race  as  a  producer  of  nickel  ore, 
it  is  still  one  of  the  most  important  countries  for  the  refining  and  utilisation  of  the 
metal  nickel ;  much  the  greater  part  of  the  Canadian  matte  being  treated  at  Constable 
Hook,  New  Jersey. 

EUROPEAN  NICKEL  DEPOSITS 

The  metal  nickel  was  first  produced  in  any  quantity  at  Schneeberg  in  Saxony;  and 
ever  since  the  discovery  of  the  metal  a  small  amount  of  nickel  and  cobalt  has  been 
obtained  at  the  Freiberg  smelters  as  a  by-product  in  the  treatment  of  silver-lead  ores, 
A  little  has  been  produced  also  from  the  deposits  of  Varallo,  in  Piedmont,  Italy,  where 
the  ore  is  pyrrhotite,  which  occurs  with  basic  eruptive  rocks,  as  in  so  many  other  places. 
In  Austrian  Silesia  nickel  is  extracted  from  a  silicate  forming  vieins  in  serpentine, 
resembling  the  New  Caledonian  deposits;  but  the  amount  is  small.^x 

At  Schaud  on  the  Spree  in  Germany  comparatively  rich  ore,  with  5.52  to  6  per 
cent,  cf  nickel  and  a  little  cobalt  and  copper,  is  found  beside  a  dike  of  diabase-gabbro 

58  0.8.0..  8nm.   Bep.   1903.   pp.  156-9;  also   1904.   Part  H.   p.   151-3. 

59  Ibid..  Part  H.  pp.   147-166. 
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6i  Beferencee  to  many  ot  the  looalUlei  are  i^tven  by  Dr.  Barlow  in  the  report  orerloQily 
mentioned, 

10a  M.  (ill) 


1906  Development  of  the  Nickel  Field  147 


(proterobase) ;  but  Beck,  who  describes  it,  thinks  the  deposit  was  not  formed  by  seg- 
regation but  by  ascending  waters.  He  objects  also  to  Vogt's  theory  regarding  Sudbury 
and  Norwegian  ores.  However,  conclusions  drawn  from  the  small  deposits  he  refers  to 
should  hardy  overturn  those  formed  from  more  nimierous  and  larger  deposits  elsewhere.^' 
Scandinavia  has  hitherto  proved  much  the  most  important  nickel  mining  region 
in  Europe,  and  before  the  importation  of  New  Caledonia  ores  most  of  the  world's  nickel 
came  from  the  minee  of  Norway  and  Sweden.  Since  1884  these  countries  have  fallen  off 
greatly  in  their  output  of  the  metal,  however,  and  during  some  years  nickel  mining 
ceased  altogether.  The  Scandinavian  deposits  are  of  pyrrhotite,  like  our  own,  and  are 
associated  with  gabbro  or  norite,  but  of  a  more  basic  type  than  the  Sudbury  norite. 
They  have  a  special  interest  to  students  of  the  Canadian  region,  since  the  true  theory 
of  the  relationship  of  ore  to  rock  was  worked  out  first  in  Norway,  by  Professor  Vogt 
of  Christiania,  and  afterwards  applied  to  our  deposits  by  Dr.  Adams,  Dr.  Barlow,  and 
others.63 

In  Norway  there  are  about  40  deposits,  and  quite  a  large  literature  has  sprung  up 
about  them,  partly  written  by  Canadian  observers,^  but  it  will  be  impossible  to  do 
more  than  give  a  general  account  of  the  ore  deposits  as  compared  with  those  of  Sud- 
bury. Nothing  resembling  the  great  eruptive  sheet  of  the  Sudbury  region  has  been 
described  in  Norway,  though  the  ore  always  appears  as  segregations  at  the  edge  of  masses 
c^  gabbro.  Between  the  ore  and  the  rock  there  is  pyrrhotite-gabbro,  ahowing  every  stage 
of  mixture  of  the  sulphides  with  the  rock.  The  sulphides  are  mainly  pyrrhotite,  but 
include  also  chalcopyrite,  though  in  less  amount  than  in  some  of  our  offset  mines. 
Pyrite  is  more  frequent  than  with  us,  but  the  rarer  elements,  gold,  silver,  and  platinum 
oeem  to  be  present  in  less  amounts,  though  they  always  occur.  In  richness  the  ore  is 
much  like  our  own,  running  from  2.5  to  5  per  cent,  of  nickel.  At  Evje,  for  instance, 
the  ore  contains  from  2.90  to  4.37  per  cent,  of  nickel  and  1  to  1.30  per  cent,  of  copper. 
The  deposits,  however,  are  much  smaller  than  the  Canadian  ones,  so  that  their  com- 
petition is  not  to  be  feared. 

In  Sweden  very  similar  deposits  exist,  but  the  number  exploited  is  smaller.  At 
Kuso  pyrrhotite  has  segregated  from  gabbro-diorite,  and,  as  worked,  runs  1.14  to  1.83 
of  nickel,  the  pure  pyrrhotite  containing  2.51  to  3.42  per  cent.^s 

In  1893  and  1894  Scandinavia  produced  more  than  100  tons  of  nickel,  but  the  opening 
up  of  the  New  Caledonia  and  later  the  Sudbury  mines  have  almost  destroyed  the  nickel 
mining  industry  in  those  regions. 

NEW  CALEDONIA 

The  only  real  competitor  of  Ontario  as  a  nickel  producer  is  the  French  penal  colony, 
New  Caledonia,  in  the  south  seas.  Nickel  was  discovered  there  in  1865  by  M.  Jules 
Gamier,  and  it  was  through  his  exertions  that  the  nickel  mining  industry  sprang  up. 
Many  accounts  of  the  region  have  been  given,  the  most  complete  description  of  the 
mines  and  their  conditions  being  by  M.  E.  Glasser,  who  examined  them  for  the  French 
government  ;M  but  a  good  sketch  of  the  subject  is  given  by  Dr.  Barlow  in  the  reflbrt  so 
often  referred  to.    The  following  account  is  drawn  from  M.  Glasser. 

The  island  consists  of  ancient  schists  and  mesozoic  sediments,  penetrated  by  numerous 
eruptives,  of  which  the  most  important  Lb  a  very  basic  rock,  peridotite,  consisting  of 

6a  Die  Nickel erslasreratatte  von  Schaud  an  der.  Spree  u.  ihre  Oesteino.  leiUchT.  deuttoh. 
Oaol.  Oes.,  55,  1903,  pp.  296-330. 

63  Nikkei  forekomiter  og  Nikkelproduktion,  Oeol.  800.  Nor.  Ohriitiania,  1892;  Ueber  die 
Bildang  Ton  Erslagerit&tten  duroh  Differationprocesse  in  Eraptivmagrmaten,  International  Oeol. 
Oongr.,  Zorlch,  1894;  Problem!  in  the  Oeologry  of  Ore-Depoiiti,  in  Geneiii  of  Ore  Deposits, 
Posepny,  1901,  p.  636,  eto.;  Formation  of  Ernptive  Ore  Deposits,  Min.  Industry,  1895,  p.  743, 
etc.;   and  varloat  other  papers. 

64  If aofarlane,  Oan.  Nat.,  Vol.  VII,  p.  13,  Nickel  ore  at  Binserike;  Major  Leckie,  Nickel 
DeposiU  In  Norway,  Oan.  Min.  Bev.,  Vol.  XVIII,  No.  8,  p.  151-3. 

65l^fstrand,  Slattberg't  och  Kuso  Nickel gruf nor,  Geol.  F6r.  in  Stockholm  Fdrh.  25.  1903, 
pp.  103-122. 
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olivine  and  enstatite,  now  more  or  less  transformed  into  serpentine.  Deposits  of  nickel, 
cobalt  and  chromium  are  associated  with  the  serpentine.  The  original  peridotite  is  no 
doubt  the  source  of  the  ore,  and  analyses  show  that  the  fresh  rock  contains  small  per- 
centages of  nickel  and  cobalt.  A  specimen  of  olivine  from  one  of  the  mines  contains 
0.11  per  cent,  of  nickel  and  cobalt  oxide,  while  the  enstatite  associated  with  it  in  less 
amount  contains  0.4  per  cent.  Examples  of  peridotite  are  said  to  have  been  found 
containing  as  much  as  2^  per  cent,  nickel.  The  peridotites  cover  most  of  the  southeast 
end  of  the  island  and  form  a  discontinuous  chain  of  outcrops  running  nearly  to  the 
northwest  end,  as  a  mountain  range  rising  in  places  to  5,500  feet.  In  most  cases  ser- 
pentization  has  advanced  far,  and  at  many  points  the  serpentine  has  changed  into  t 
red  clayey  material,  which  is  associated  with  nickel  ore. 

The  ores  are  all  hydrated  silicates  in  which  nickel  has  replaced  magnesia  to  a  greater 
or  less  extent.  The  richest  silicates,  which  are  green  and  soft,  may  contain  even  48.6 
per  cent,  of  nickel  oxide,  and  are  called  garnierite  and  noumeaite,  the  two  varieties 
seeming  to  blend  into  one  another.  Their  composition  varies  greatly,  but  their  nickel 
contents  averages  higher  than  that  of  the  genthite  referred  to  as  occurring  in  Oregon 
and  North  Carolina. 

The  green  minerals  occur  as  small  veins  in  the  serpentine  or  peridotite,  as  a  scaly 
covering  of  fragments  of  the  rock,  or  as  concretionary  masses.  The  color  varies  from 
pale  to  deep  green  or  almost  black,  and  the  garnierite  is  associated  with  a  chooolite 
brown  mineral,  which  was  at  first  rejected,  but  is  now  known  to  be  a  similar  nickel 
ore  colored  with  iron  oxide,  and  forms  the  larger  part  of  the  ore  mined.  There  are  also 
silicious  masses  of  a  green  color,  containing,  however,  only  9  or  10  per  cent,  of  nickd. 

As  examples  of  the  best  garnierite  the  following  analyses  may  be  given  from  M. 
Glasser's  report: 
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There  may  be  every  gradation  from  specimens  like  these,  which  come  from  different 
parts  of  the  island,  to  silicate  of  magnesia  with  only  a  small  percentage  of  nickel,  so 
that  the  ore  has  the  composition  of  serpentine  in  which  a  variable  amount  of  nickel 
has  replaced  magnesia. 

M.  Glasser  distinguishes  four  varieties  of  ore  deposits,  vein-like  deposits,  breo- 
tsiated  deposits,  masses  of  altered  serpentine  impregnated  with  nickel,  and  nick^iferous 
earths. 

'While  the  pure  garnierite  is  very  rich,  most  of  the  ore  is  of  very  much  lower 
grade,  and  the  miners  mix  rich  and  poor  ore  so  as  to  adjust  the  output  to  an  average 
of  7  per  cent,  of  nickel,  after  drying  at  100°  C.  This  means  practically  that  the  hydrous 
ore,  before  drying,  runs  about  5i  to  6i  per  cent,  of  nickel,  since  the  percentage  of 
water  is  high.    The  waste  dumps  may  contain  3  or  4  per  cent,  of  nickel. 

The  veins  are  seldom  large,  and  are  never  worked  to  any  important  depth,  so  that 

there   are  few  underground  mines.       Most  of  the   deposits  form  sheets  covering  the 

surface,  nowhere  more  than  15  or  20  feet  thick,  and  are  worked  as  open  pits.    The 

largeft  group  of  mines  mentioned  by  "NL.  Q\«iS8«t,  oia.  \Ji\ft  '^V&.\a«ai  of  Thio,  had  produced 
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up  to  the  time  of  his  report  250,000  tons ;  and  during  its  greatest  prosperity,  in  1890- 
18d4,  had  reached  a  production  of  25,000  or  90,000  tons  per  annum,  which  later  had 
fallen  off  to  10,000  tons.  The  tenor  of  the  ore  in  early  days  was  10  to  12  per  cent,  but 
Utterly  had  fallen  to  6i  per  per  cent,  of  nickel.  A  large  amount  of  waste  rock  has 
now  to  be  rejected,  and  the  group  of  mines  is  approaching  exhaustion. 

The  deposits  are  always  found  on  gentle  slopes  or  basins  on  the  flanks  of  the  moun- 
tains and  lie  between  the  red  clay  mentioned  before  and  the  rock.  They  have  resulted 
from  the  superficial  weathering  of  the  rock,  accompanied  by  a  concentration  of  the* 
nickel  as  silicate  by  surface  waters,  the  nickel  being  precipitated  more  readily  than 
the  magnesia.  Under  these  conditions  none  of  the  deposits  can  be  expected  to  coyer 
continuously  a  large  surface.  The  largest  of  the  bands  of  ore  are  not  more  than  about 
a  half  mile  long,  and  they  are  comparatiyely  narrow.  Many  of  the  deposits  are  already 
worked  out,  but  a  large  number  still  furnish  ore,  and  probably  many  new  deposits  will 
yet  be  found.  If  the  grade  of  the  ore  required  were  lowered  to  5  per  cent,  of  nickel,  the 
amount  which  could  be  furnished  would  greatly  increase. 

As  the  ores  generally  occur  high  up  on  the  mountains  where  roads  are  difficult 
to  construct,  transportation  is  a  serious  difficulty,  and  cable  tramways  have  often  to 
be  provided.  Another  drawback  is  the  thickness  of  red  clay  which  has  to  be  stripped 
from  many  of  the  deposits  before  they  can  be  worked  by  open  quarrying,  which  is  ^e 
usual  method.  The  poor  character  of  the  labor  available.  Kanakas,  convicts,  or  some- 
times Japanese,  is  another  drawback  mentioned  by  M.  Glasser;  who  adds  that  the 
long  ocean  voyage  and  the  remote  situation  of  the  island  greatly  hamper  the  marketing 
of  the  ore  at  a  profitable  rate. 

At  present  all  the  ore  is  shipped  to  Europe  for  treatment,  but  it  is  thought  that 
a  great  economy  in  freight  could  be  accomplished  by  smelting  to  matte  in  the  island, 
thus  reducing  the  weight,  though  smelters  erected  years  ago  proved  unsuccessful. 

Though  nickel  was  discovered  by  Gamier  in  1865,  scarcely  any  mining  was  done 
until  1875,  and  the  output  did  not  rise  to  great  importance  till  1889,  when  21,000  tons 
of  ore  were  shipped.  This  amount  had  increased  to  108,908  tons  in  1899,  and  to 
128,653  tons  in  1902,  acocrding  to  statistics  furnished  by  M.  Glasser.  In  1889  the  con- 
tents  of  nickel  in  the  ore  sent  from  New  Caledonia  rose  to  1,680  tons,  while  previously  it 
had  not  reached  1,000.  In  1902  the  nickel  contents  were  i^laced  at  7,045  tons,  though 
M.  Glasser  doubts  the  correctness  of  the  return. 

The  most  productive  mines  are  still  the  old  ones  in  the  neighborhood  of  Thio  on 
the  northeast  side  of  the  island  near  its  southeast  end,  but  their  output  is  diminishing 
and  the  total  is  kept  up  by  the  working  of  a  large  number  of  small  vteins  in  different 
parts  of  the  island. 

M.  Glasser  discusses  interestingly  the  formidable  competition  of  the  Canadian  nickel 
mines,  though  he  states  that  "thanks  to  a  more  or  less  complete  understanding  between 
the  producers.  New  Caledonia  preserves  her  rank ;  but  it  is  none  the  less  true  that  the 
nickel  industry  is  developing  in  Canada  and  that  the  production  of  its  mines  has  been 
rapidly  increasing  of  late  years.  Must  one  say  that  New  Caledonia  has  much  to  fear 
from  this  competition?  We  do  not  think  so;  for,  so  far  as  we  can  judge  from  the 
document  at  our  disposal,  the  natural  conditions  of  the  Canadian  deposit*  are  in 
themselves,  much  less  favorable  than  those  of  our  colony."  He  goes  on  to  show  that 
the  Sudbury  ores  are  sulphide  ores  of  nickel  and  copper,  variable  in  the  percentage 
of  the  ^o  metak  and  requiring  a  complex  method  of  refinement.  Quoting  the  statistics 
of  the  Bureau  of  Mines,  he  admits  that  the  nickel  resources  of  the  region  are  consider- 
able,  though  the  ^nor  of  the  ore  seems  to  be  diminishing.^r  He  was  influenced  in  his 
view  by  ttie  abrordly  high  estimate  of  our  ore  reserves  given  by  an  official  report  to  the 
United  States  Secretary  of  Marine  in  1890. 
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While  M.  Glaeser  thinks  our  prospects  less  bright  than  those  of  New  Oaledonis, 
he  admits  certain  advantages.  "On  the  other  hand  the  general  industrial  situation  of 
Canada  appears  to  be  very  favorable,  and  has  permitted  in  late  years  an  important 
development  in  mining  and  treating  the  ores,  in  consequence  of  which  the  production 
of  nickel  in  Canada  is  steadily  increasing." 

There  is  one  apparent  advantage  for  purposes  of  treatment,  which  the  New  Cale- 
donian ore  has  over  ours,  in  the  absence  of  sulphur,  and  another  real  advantage,  in 
its  freedom  from  copper.  The  first  advantage  is,  however,  neutralized  by  the  fact 
that  the  New  Caledonian  ore  must  be  smelted  with  coke,  which  always  contaixis  appreci- 
able quantities  of  sulphur.  Owing  to  the  great  affinity  of  nickel  for  sulphur,  tiiis  ii 
taken  up  by  the  metal,  and  must  later  be  separated  from  it.  This  fact  interfered  with 
Garnier's  original  idea  of  direct  smelting  of  the  nickel;  and  it  is  now  smelted  with 
sulphur  compounds,  such  as  gypsum,  and  made  into  a  matte  which  must  afterwards 
be  refined  in  ways  not  very  different  from  our  own.  The  absence  of  copper  makes  its 
separation  unnecessary,  but  the  copper,  when  separated,  is  an  element  in  the  value 
of  the  Sudbury  ores. 

TYPES  OF  NiCiCEL  ORES  AND  DEPOSITS 

From  the  account  just  given  of  the  New  Caledonian  ore  deposits  it  will  be  seen 
that  they  are  of  an  absolutely  different  type  from  those  of  Sudbury;  and,  if  we  omit 
the  few  rich  arsenides  and  sulphides  of  nickel  found  in  some  Saxon  mines  and  the 
Coleman  deposits,  in  relatively  minute  quantities,  all  nickel  deposits  may  be  divided 
into  two  classes,  pyrrhotite  ores  which  occur  as  segregations  at  the  margin  of  eruptive 
rocks  such  as  norite  and  gabbro ;  and  hydrous  silicates,  such  as  garnierite  and  genihite, 
which  result  from  the  weathering  of  serpentine  derived  from  a  very  basic  emptive  rode, 
peridotite. 

Though  both  kinds  of  deposits  have  their  source  in  eruptive  rocks,  one  comes  di- 
rectly from  the  molten  magma,  by  segregation  at  its  bottom  or  edge;  the  other  by  s 
complex  process  of  decompoBition  carried  on  in  two  stages,  hydration  into  serpentine, 
and  weathering  of  serpentine  into  red  clay,  with  the  accumulation  of  the  minute  quan- 
tity of  nickel  in  the  original  rock  as  secondary  deposits  of  the  green  or  chocolate  brown 
hydrous  silicates  of  nickel  and  magnesia.  In  tho  Sudbury  region  the  silicate  ore  of  nickel 
is  unknown,  though  genthite  has  been  found  on  Michipicoten  island  in  lake  Superior* 
in  trifling  quantities.  We  have  numerous  areas  of  serpentine  in  Canada,  especially 
in  the  Eastern  townships  of  Quebec,  and  minute  amounts  of  nickel  occur  in  them,  but 
the  conditions  have  not  been  favorable  for  the  accumulation  of  secondary  ore  deposits, 
even  if  the  amount  of  nickel  contained  in  the  serpentine  was  sufficient 'in  quantity. 
The  scouring  of  the  Ice  Age  would  have  removed  any  such  residual  deposits. 

The  Scandinavian  nickel  regions  have,  of  course,  passed  through  the  same  conditions 
as  our  own.  It  is  a  little  surprising  that  the  millions  of  tons  of  nickeliferous  pyrrho- 
tite destroyed  in  past  ages  by  weathering  in  the  Sudbury  region  should  not  aoate^^hae 
have  given  rise  to  secondary  deposits,  but  none  are  known ;  and  we  must  suppose  thit 
the  nickel  solutions  due  to  weathering  and  gossan  formation  have  not  met  with  the 
proper  re-agents  to  precipitate  the  nickel.  Its  compounds  are  in  general  very  soluble, 
only  the  hydrous  silicate  showing  a  tendency  to  permanence. 

On  the  other  hand  sulphide  of  nickel  is  practically  never  found  in  New  Caledonia, 
the  only  reported  occurrence  being  a  little  millerite  found  in  the  Eeperance  chrominm 
mine. 

We  have  then  in  Ontario  very  large  deposits  of  sulphide  ores  going  to  depths  of 
more  than  1,000  feet,  comparatively  little  changed  from  the  form  they  assumed  on 
cooling  from  the  molten  magma;  while  in  New  Caledonia  we  find  thin,    flat,  shaDow 

68Q.B.0.,  1890-91.  Part  B.  p.  A7;  aVto  I>t.  Bwlo^^  1904,  Part  H,  p.  149. 
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iheets  of  ore  entirely  of  secondary  origin,  the  accumulation  of  ages  of  superficial  changes 
in  a  region  too  near  the  equator  to  be  affected  by  the  glacial  period. 

For  completeness  sake  a  reference  should  be  made  to  the  occurrence  of  native 
nickel,  associated  with  native  iron,  in  certain  basic  rocks,  as  at  Ovifak  on  Disco  island, 
on  the  Greenland  coast.  The  masses  of  iron  found  there  and  partly  removed  by  Norden- 
skjold  to  be  deposited  in  the  Scandinavian  capitals,  run  up  to  20  tons  in  weight.  They 
contain  only  small  amounts  of  nickel,  from  0.84  to  2.85  per  cent.^  but  almost  enough 
for  nickel  steel.  Meteoric  iron,  it  is  well  known,  always  contains  nickel,  reaching  even 
in  one  case,  59.69  per  cent.,  as  at  Octibbeha  Co.,  Miss. 

Native  nickel  with  a  percentage  of  iron  has  been  found,  also,  the  example  best  known 
being  the  awaruite  of  Gk>rge  river  in  the  south  island  of  New  Zealand.  This  contains 
87.63  per  cent,  of  nickel,  0.70  per  cent,  of  cobalt,  and  31.02  per  cent,  of  iron.  It  is 
found  with  gold  and  platinum,  etc.,  in  river  gravel,  and  was  probably  derived  from  a 
partially  serpentinized  peridotite.^  Even  more  interesting  is  the  souesite,  or  native 
iron-nickel  alloy  described  by  Dr.  Hoffman  from  Lillooet  in  British  Columbia.  It  was 
found  with  platinum  and  a  little  gold,  etc. ;  and  has  the  composition  nickel  76.48,  iron 
22.30,  copper  1.22.70  Closely  related  to  this  are  the  metallic  grains  found  by  Sella  in 
gold-bearing  sand  at  Elvo,  near  Biella,  in  Piedmont;  which  contain  75.2  per  cent,  of 
nickel  and  26.6  per  cent,  of  iron.71 

Distribution  of  Metals  in  the  Sudbury  Ores 

By  far  the  most  important  of  the  metals  in  the  Sudbury  district,  so  far  as  quantity 
is  concerned,  16  iron;  but  it  is  always  combined  with  sulphur,  chiefly  in  the  form  of 
pyrrhotite,  which  contains  from  60.4  to  61.6  of  iron  when  pure.  If  it  were  not  for  the 
difficulty  in  completely  removing  the  sulphur,  pyrrhotite  would  be  a  valuable  ore  of 
iron,  and  the  nickel  mines  would  also  be  iron  mines,  some  of  them  comparable  in  ton- 
nage and  percentage  of  the  metal  to  important  iron  mines  in  other  regions.  Some  day 
the  iron  of  the  pyrrhotite  may  be  in  demand,  but  that  day  is  prcbably  distant. 

Next  in  amount  comes  nickel,  which  may  be  looked  on  as  sometimes  replacing  a 
part  of  the  iron  in  the  pyrrhotite,  though  in  most  cases  it  is  known  to  belong  to  pent- 
landite  disseminated  through  the  pyrrhotite.  This  occurs  in  quite  variable  amounts, 
running,  in  mines  which  have  been  extensively  worked,  from  1.5  per  cent,  of  the  ore 
to  over  5  per  cent. ;  and  in  some  smaller  mines  to  8  or  more  per  cent,  for  a  few  thousand 
tons.  These  statements  apply,  however,  to  the  ore  as  mined,  always  including  more  or 
less  rock.  The  pure  sulphides  would,  of  course,  run  higher.  In  the  Murray  mine  55 
to  60  per  cent,  of  the  ore  was  sulphides ;  at  the  Copper  Cliff  nearly  40 ;  at  No.  2  aSout 
60;  at  the  Frood  73;  and  at  Creighton  79  or  80,  the  highest  in  the  region. 

Close  after  nickel  comes  copper,  derived  from  the  chalcopyrite  almost  always 
mixed  with  the  pyrrhotite;  but  the  proportions  of  the  two  metals  vary  greatly. 

Next  in  quantity,  but  far  behind  the  others,  is  cobalt,  prosont  in  all  the  ores  to 
the  extent  of  from  1-40  to  1-133  of  the  nickel  present,  according  to  the  few  analyses  on 
record  showing  the  percentage  of  cobalt  in  high-grade  matte.  If  we  take  the  returns 
of  cobalt  from  the  statistics  for  1903-4,  we  find  only  25.8  tons  to  11,727  tons  of  nickel, 
the  cobalt  representing  only  1-455  of  the  nickel ;  however,  cobalt  is  more  easily  slagged 
off  than  nickel,  and  no  doubt  has  been  quite  disproportionately  removed  in  the  refining 
process.  For  the  same  reason  the  proportion  of  cobalt  in  the  bessemer  or  high-grade 
matte  is  no  doubt  lower  than  in  the  original  ore. 

The  precious  metals  are  present  in  still  smaller  quantities,  silver  coming  first,  with 
2i  to  7  OS.  per  ton  of  high-grade  matte;  the  platinum  metals  next,  with  from  0.17  oz. 
to  0.5  OS.,  and  gold  last,  with  0.02  to  0.3  oz.  per  ton. 

69  Dana's  Byitem  of  Mineraloflr.  PP.  28  and  29. 

70  Am.  Jour.  So.,  Vol.  XIX,  1905.  pp.  319-20. 

71  Dammer,  Handbaoh  der  Anorffanitohen  Ohemie,  Vol.  Ill,  p.   488. 
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Matte  Analyses 

The  results  of  the  most  complete  analyses  of  bessemer  or  other  high-grade  matts 
available  are  given  in  the  following  table: 


Nickel 

Cobalt 

Copper   .., 

Iron , 

Sulphur . . . 

Gold 

Silver  .  .. 
Platinum., 
Iridium  ... 
Osmium  .. 
Rhodium  . 
Palladium . 


I. 

11. 

III. 

IV. 

V. 

VI. 

Per  cent 

}     48.82 

25.92 

2.94 

22.60 

Per  cent. 

41.58 
0.71 

24.99 
9.82 

Per  cent 

40.87 
0.78 

24.95 
9.64 

Percent 

1     41.18 

44.87 
0.94 

11.68 
O.SOoz. 
5.10  ** 

Per  cent 

89.96  1 

43.36 
0.90 

13.76 
0.1  to  0.2  OS. 
7.0   " 
0.5   " 

PercenL 

41.88 

40.31 

87 .37 

1.07 

0.02OZ. 
8.14  •• 

0.1 5oz. 

o.icoz. 

2.50" 

0.6601. 
4.87" 

0  I'd  •* 

0.50O2. 

0  44  •• 

.40" 

0  02  •• 

0.02  '* 

tiace 

trace 

•••• 

_ 

............ 

1 

I  is  by  T.  L.  Walker  of  Murray  mine  bessemer  matte.?' 

II  and  III  are  by  Donald  Locke,  of  Ontario  Smelting  Works  matte,73  mainly  from 
Creighton  ore. 

IV  is  by  J.  W.  Bain,  of  Copper  Cliff  matte  in  1899,  from  Stobie,  Copper  Cliff  tod 
Evans  mine  ore.74 

V  is  by  Titus  Dike  in  1894,  of  Copper  Cliff  and  Eyans  ore,  probably  with,  eome  ore 
from  8tobie.7S 

VI  is  by  Donald  Locke,  of  Victoria  mines  bessemer  matte.7^ 

Analyses  I,  II  and  III  are  of  matte  whose  ore  came  chiefly  from  large  marginal 
deposits,  the  Murray  and  Creighton  mines.  IV  and  V  are  partly  of  ore  from  -mines  of 
•he  Copi>er  Cliff  offset  (Copper  Cliff  and  Eyans),  but  partly  from  Stobie  mine.  VI  ii 
from  an  offset  mine,  but  yery  close  to  the  margin  of  the  nickel-bearing  eruptiye, 
Victoria  mine.  It  will  be  noticed  that  nickel  predominates  oyer  copper  in  the  ratio 
of  about  2  to  1  or  5  to  3  in  matte  from  marginal  mines,  while  copper  outweighs  nickel 
in  o&et*^  mines,  except  at  Victoria  mine,  where  nickel  is  a  little  in  adyanoe. 

Assays  of  ore  from  the  different  mines  show  this  eyen  more  strikingly.  The 
Creighton  runs  about  5  per  cent,  of  nickel  to  2  of  copper;  the  sulphides  at  the  Murray 
mine  about  Si  to  li;  the  Blesard  mine  about  4  of  nickel  to  2  of  copper;  and  similar 
proportions  are  found  in  the  Gertrude,  etc.,  all  marginal  mines.  At  the  Copper  C3if 
the  ore  ayerages  4.20  of  nickel  to  5.68  of  copper,  and  the  offset  mines  aa  a  whole  contaiii 
nearly  equal  amounts  of  nickel  and  copper,  except  the  Stobie  offset,  where  nidnl  ii 
2.21  to  1.65  of  copper.  The  last  offset  is  of  a  peculiar  kind,  showing  no  direct  connec- 
tion with  the  main  eruptiye,  but  running  parallel  to  its  edge  at  a  distance  of  about 
three-fourths  of  a  mile  to  the  southeast,  so  that  it  seems  to  follow  a  different  law,  and 
may  be  really  a  sheet  of  norite  and  ore  projecting  from  the  main  range  away  beknr  Q» 
surface. 

It  appears  then  that  a  certain  amount  of  segregation  of  the  orea  took  place  where 
offsets  projected  from  the  edge  of  the  eruptiye  into  the  cooler  country  rocks,  the  proce* 
being  aided  probably  by  circulating  hot  water  arising  from  the  eruptiye  magma. 

Assays  or  analyses  are  not  available  to  show  how  the  rarer  metals  were  affected, 
beyond  the  general  fact  that  they  seem  to  have  been  concentrated  in  a  still  higher 
degree  than  the  copper,  as  may  be  seen  from  the  table.     The  first  three  analyses  shot 

'^i^'JouT.  So..  Vol.  1,  4th  Seriea.  1896,  p.  112. 

73  Dr.  Barlow,  p.  206. 

74  Bur.   Minea.  1900.  p.   218. 
7SMin.  Induitry.  Vol.  III.  p.  460. 
76  Dr,  Barlow,  p.  206. 
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3i  or  8  ounces  of  silver  per  ton  of  matte  and  from  0.19  to  0.65  of  gold  and  the  platinum 
metals ;  the  last  three  have  from  5  to  7  ounces  of  silver  and  from  0.6  to  1  ounce  of  gold 
and  platinum.  The  amount  of  the  precious  metab  is  more  than  doubled,  while  the 
percentage  of  copper  is  increased  from  25  to  about  43. 

In  the  case  of  Vermilion  mine  the  gold  and  platinum  metals  are  increased  in  a 
much  greater  degree,  but  the  small  amount  of  the  ore  known  to  exist  makes  it  of  little 
importance.    No  analyses  of  Worthington  matte  are  available,  unfortunately. 

The  Precious  Metals 

The  proportions  of  the  rare  metals  thus  far  referred  to  are  the  results  of  analysis 
of  the  high-grade  matte.  To  bring  them  into  relationship  with  the  respective  ores  from 
which  the  matte  was  obtained  it  is  necessary  to  know  the  grade  of  the  ore,  and  in  many 
cases  this  is  not  on  record.  At  the  Murray  mine  the  ore  contained  in  1891  about  1.5 
per  cent',  of  nickel  and  0.75  per  cent,  of  copper ;  so  that  a  ton  of  matte  containing  74.74 
per  cent,  of  the  two  metals  represented  the  concentration  of  about  33  tons  of  ore.  If 
20  per  cent,  be  allowed  for  loss  in  treatment,  this  would  raise  the  amount  to  40  tons. 
Of  this  about  60  per  cent,  was  sulphides,  making  24  tons  of  pyrrhotite  and  chalcopyrite 
to  furnish  3.14  os.  of  silver,  0.17  oz.  of  platinum  metals  and  0.02  oz.  of  gold.  Probably 
12  tons  of  the  Creighton  sulphides  produced  a  ton  of  the  matte  analysed  by  Mr.  Locke 
(II  and  III);  while  about  18  tons  of  the  sulphides  from  Stobie,  Evans,  etc.,  were  needed 
for  IV.  In  the  case  of  V  probably  12  tons  of  the  rich  sulphides  from  Copper  Cliff  and 
Evans  provided  a  ton  of  matte.  I  have  no  definite  information  as  to  the  number  of 
tons  of  sulphides  required  to  produce  a  ton  of  the  Victoria  mines  matte  (VI). 

Aranged  as  a  table  the  amounts  of  the  rare  metals  to  a  ton  of  sulphides  are  roughly 
•s  follows: 

Silver.  Gold.        Platinum  metak. 

I.  Murray  mine  0.13  oz.  0.0009  oz.  0.007  oz. 

II  and  III.  Creighton  mine,  etc.    0.21  oz  0.0083  oz.  0.037  oz. 

IV.  Copper  Cliff,  Btobie,   etc.     0.28  oz.  0.0166  oz. 

V.  Copper  Cliff,  Evans,  etc...  0.583  oz.  0.0125  oz.  0.0146  oz. 

II  and  III  included  some  ore  from  the  offset  mines  of  the  Canadian  Copper  Company, 
and  do  not  represent  the  Creighton  alone. 

In  concluding  this  discussion  of  the  distribution  of  the  rare  metals  the  returns  of 
platinum  and  palladium  from  the  Canadian  Copper  Company's  matte  must  be  referred 
to.  In  1902  there  were  2,375  ounces  of  platinum  and  4,411  ounces  of  palladium  recovered, 
which  may  be  looked  on,  however,  as  belonging  partly  to  the  ore  mined  in  former  years. 
Assuming  that  it  came  from  the  ore  of  1902  there  were  0.0102  ounces  of  platinum  and 
0.0189  ounces  of  palladium  to  the  ton  of  ore  mined,  or  0.0291  of  both  metals.  Probably 
60  or  70  per  cent,  of  the  ore  was  sulphides,  so  that  the  number  of  ounces  per  ton  should 
be  increased  proportionately.  In  1903  the  amounts  are  0.0077  platinum  and  0.0144 
palladium,  the  total  being  0.0221  ounces.  In  1904  there  was  a  falling  off  to  0.0052 
and  0.0093,  with  a  total  of  0.0145  ounces  of  the  platinum  metals  per  ton  of  ore.  In 
the  last  year  most  of  the  ore  was  from  the  Creighton  mine  and  75  per  cent,  of  it  may 
have  been  sulphides,  which  would  raise  the  total  to  0.0193  ounces  per  ton. 

Estimating  roughly  the  amount  of  sulphides  in  the  ore  each  year,  the  following 
relationship  results: 

1902 — Platinum  metals  per  ton  of  sulphides,  0.0468  ounces 

1903—  "  *i  it         0.0323      " 

1904—  "  "  "        0.0193      " 

A  portion  of  the  ore  from  which  the  metals  were  obtained  in  1904  probably  came 
from  the  Copper  Cliff  in  the  previous  year,  so  that  we  cannot  assume  Ch*eighton  ore 
that  the  statistics  of  the  rare  metals  do  not  represent  the  complete  change  from  offset  to 
the  statistics  of  the  rare  metals  do  not  represent  the  complete  change  from  offset  to 
marginal  ores  in  this  respect. 
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One  nktoTBllT  comparw  ont  or«B  with  the  Bunil&r  ones  of  Norway,  bat  in  oompuliii 
th«  r*tu>B  of  the  metkU  in  th«  two  oonntries  it  must  be  kept  in  mind  that  their  deponta 
onTHpond  to  oar  mBTginal  ones  and  not  to  oar  o&et  deposits.  Prof.  Vt^t  E>^el  tiw 
composition  of  two  Norwegisn  beesemer  mattes  u  follows : 

Rliigeiike.  Erje. 


SulpbDT 19.68  (ao) 

Oqld O.OMSoi.  pertou  O.CUBoi.  petton 

SUVBT a.«       •■  *.06 

FI*tiDiini 0,076      ■'       "  O.Oe 

ssa  }■>""• •■" 

If  thia  is  OMupared  wiUi  the  table  of  analysas  of  Badbnry  mattes  given  on  a  prerions 
page,  it  will  be  seen  that  the  proportions  are  qaite  like  analyses  I,  II  and  III,  from 
marginal  ore  deposita,  bat  that  the  other  three  show  higher  percentages  of  the  ran 
metals.  It  will  be  noticed,  too,  that  the  percentage  of  copper  in  the  three  abet 
deposits  is  much  greater  than  in  the  Norwegian  mattes. 

Falladiam  has  not,  so  far  as  I  am  aware,  been  reported  from  the  N<»wegian  nickil 
ores. 

Prof.  Vogt  Etatea  that  in  Norway  the  proportions  of  the  metals  are  one  part  of 
gold  to  130  of  silver,  one  of  platinum  to  30  of  silver,  one  of  silver  to  5,000  of  nicksLn 
In  our  ores  it  wonld  be  more  natural  to  compare  the  precions  metals  with  copper  thaa 
nickel,  since  their  percentage  increasee  with  that  of  copper,  though  somewhat  m<tf« 
rapidly. 

It  is  well  known  that  platinum  occurs  always  in  connection  with  baaio  rocks,  but 
the  native  metal  in  Russia,  British  Columbia,  etc.,  is  considered  to  be  derived  Iron 
rocks  consisting  of  olivine  and  proiene,  now  largely  turned  to  serpentine,  rocks  of  a 
much  more  basic  character  than  our  norite;  and  it  seems  that  the  native  metals  of  Ihi 
platinum  group  go  with  ultra-basic  rocks,  while  the  araenical  compound,  sperryUtSy 
is  associated  with  less  basic  rocks  like  norite  and  gabbro.  New  Caledonian  peridotitel, 
from  which  their  nickel  ere  is  derived,  should  contain  a  small  amount  of  the  plstinmB 
group  of  metals,  but  in  the  native  state  and  not  as  araeaides,  if  the  relationship  jnit 
mentioned  is  correct. 

Statistics  of  Nickel  Production 
SUDBURY  DISTRICT 


t™. 

Ton. 

™. 

V..n, 

Ca.K 

y«r. 

"" 

"■    . 

t 

Cu. 

IS'Sra 

B 

'.■n»i 

1.18^ 

l.M3,3«l 

M6.W 

2,09  I  a,yft.\Ti  \  ».». 


nZstUetarUt  f.  prakt.  QmI,,  Qatt.  ft,  li^ivKns.  't-^m.  w.  «B-eo. 


1905 


Development  of  the  Nickel  Field 


155 


For  the  nine  months  ending  30th  September  1905,  the  production  of  nickel  from 
the  Sudbury  mines  was  returned  as  7,136  tons,  worth  in  the  matte  $2,522,593,  and  of 
copper  3,310  tons,  worth  $507,440. 

In  addition  to  the  metals  given  in  the  table  there  are  returns  for  platinum  and 
palladium  from  1902  to  1904,  as  follows: 


1902 
190S 
1904 


Plntinum. 

Value 

Palladium. 

Oz. 

Oz.  i  or  ton 

Oz. 

Oz.  per 
term  ft. 

! 

2.375 

1,710 

.•^36 

0.01f2 
0.0077 
0.0052 

46,323 
33,315 
10,453 

4,411 

3,177 

952 

1 

0.0189 
0.0142 
0.0092 

4.H21 

1 

90,110 

8,510 



Value. 


86,015 
61,951 
18,564 


.166.580 


The  statistics  as  given  are  taken  from  the  reports  of  the  Bureau  of  Mines,  and 
represent  the  returns  sent  in  by  the  companies.  For  some  reason  not  accounted  for, 
the  statistics  given  in  the  Geological  Survey  Reports  differ  considerably  from  those  of 
the  Bureau  of  Mines,  being  generally  lower.  The  values  in  the  two  sets  of  statistics 
▼ary  still  more,  since  the  Bureau  of  Mines  reports  spot  values  of  the  nickel  and  copper 
in  the  matte  as  it  is  shipped  from  Ontario,  while  the  Survey  reports  the  final  value  of 
the  refined  metal.  78 

Certain  interesting  changes  in  the  tenor  of  the  ore  smelted  may  be  observed  in  the 
table  given  above,  such  as  the  gradual  falling  off  in  the  nickel  and  copper  per  ton, 
from  3.36  and  3.19  respectively  in  1892  to  1.64  and  1.55  in  1901;  followed  by  a  rise 
in  the  next  three  years  to  4.60  and  1.98.  This  may  be  accounted  for  by  the  fact  that 
the  ores  came  largely  from  differnt  mines  at  different  times.  In  the  early  days  the  rich 
Copper  Cliff  mine  provided  a  large  part  of  the  ore;  later  lower-grade  ores  from  the 
Stobie  and  other  mines  came  in  plentifully  and  lowered  the  average.  For  the  last  three 
years  the  comparatively  rich  Creighton  ore  has  been  replacing  that  from  other  mines, 
raising  the  percentage;  but  as  this  mine  produces  much  more  nickel  than  copper, 
about  5  per  cent,  to  2,  the  proportions  of  the  two  metals  have  changed.  The  Copper 
Cliff  supplied  about  equal  quantities  of  nickel  and  copper,  usually  rather  more  of  the 
latter  metal. 

The  absence  of  cobalt  from  the  statistics  from  1895  to  1900  does  not  imply  that  the 
ore  contained  none,  but  only  that  it  was  not  reported,  perhaps  because  not  separated 
from  the  nickel.  The  amounts  reported  from  1892  to  1894  were  from  a  company  which 
ceased  work  in  the  latter  year. 

The  most  curious  part  of  the  table  is  that  referring  to  platinum  and  palladium. 
Platinum  has  long  been  known  to  occur  in  the  matte,  but  except  in  one  assay  of  Copper 
Cliff  matte,  palladium  has  been  reported  only  in  traces.  79  It  is  therefore  a  surprise  to 
find  nearly  double  as  much  palladium  as  platinum,  and  the  fact  is  not  easily  accounted 
for,  since  no  palladium  mineral  has  been  fcund  in  the  district.  The  platinum  comes,  of 
course,  from  sperrylite. 

The  falling  off  in  the  percentages  of  these  rare  metals  from  1902  to  1904  may  have 
been  caused  by  the  closing  down  of  most  of  the  offset  mines,  such  as  the  Copper  Cliff, 
confining  the  ore  to  marginal  mines,  such  as  the  Creighton.  Offset  deposits,  like  the 
Copper  Cliff,  Victoria  mine  and  Vermilion,  are  much  richer  in  the  rare  elements  than  the 
large  marginal  mines. 


TtFor  survey  itatistios  tee  Dr.  Barlow's  report,   p.  232;  and  also   the  sucoeBBive   reportB  8 
of  the  survey. 

79  As   quoted   hy  Barlow,  p.   203;  In   the  article  quoted.   Kin.   Industry,  Vol.  IV,  ^.  4.^^,  \^k^ 
Palladium  is  mentioned  by  the  analyst,  Tltns  Ulke. 
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In  regard  to  the  rarer  metals  it  should  be  said  that  there  is  a  considerable  lapse 
of  time  between  the  mining  of  the  ore  and  the  recovery  of  the  metals  after  the  refining 
has  taken  place^  so  that  the  returns  of  the  metals  are  perhaps  a  year  or  more  behind 
those  of  the  ores  mined. 

The  quantities  of  platinum  and  palladium  obtained  during  the  last  three  years  are 
stated  to  have  been  extracted  from  the  accumulations  or  residaes  of  former  years  as  well 
as  from  the  mattes  actually  treated  during  those  years.  For  this  reason,  as  well  ai 
from  the  comparative  leanness  in  the  rare  metals  of  the  Greighton  ore,  the  yield  of 
platinum  and  palladium  as  well  as  of  gold  and  silver,  is  likely  to  be  less  in  the  immeditte 
future.  Cobalt  is  almost  entirely  removed  from  the  matte  during  the  bessemer  process 
as  now  carried  on  in  the  new  smelters  of  the  Canadian  Copper  Company. 

In  the  statistics  given  the  mines  of  the  Canadian  Copper  Company  must  be  credited 
with  at  least  four-fifths  of  the  output  of  ore  and  even  a  larger  proportion  of  the  nickel 
and  copper ;  and  the  apparent  sudden  decline  in  the  output  in  1904  is  explained  by  the 
stoppage  of  the  old  west  smelter  while  the  new  one  was  being  completed. 

Dr.  Barlow  has  estimated  the  total  value  of  the  metals  produced  from  the  Sudbniy 
mines,  including  nickel,  cobalt,  copper,  gold,  silver  and  platinum,  at  $53,717,846.  On 
the  authority  of  Mr.  Turner  he  gives  the  amount  of  ore  produced  by  the  three  moit 
important  mmes  up  to  the  Ist  of  June  1904,  as  follows  :><> 

Btobiemine 419,000  tons. 

Copper  Cliff  mine  866,000  tons. 

Creighton  mine  810,000  tons. 

It  is  probable  that  the  last  mine  has  now  produced  more  than  500,000  tons.  Of 
the  other  mines  belonging  to  the  company,  three,  the  Evans,  No.  2,  and  No.  8  (Frood) 
have  produced  between  100,000  and  200,000  tons.  Of  mines  belonging  to  other  oompsnia 
the  Murray  mine  produced  62,193  tons,  the  Blezard  about  100,000  tons  and  the  Victorii 
mine  more  than  80,000  tons. 

It  should  be  mentioned  in  connection  with  the  statistics  given  in  the  main  tsUe 
that  the  total  quantity  of  the  metals  reported  is  the  quantity  actually  recovered,  not 
the  total  quantity  originally  contained  in  the  ores.  There  is  a  large  loss  during  roasting 
and  smelting  of  the  ores,  variously  estimated  at  from  15  to  25  per  cent,  of  the  nickel 
and  copper  originally  in  the  ore.  Messrs.  McDonald  and  Paris  of  Victoria  mine  pot 
the  loss  between  green  ore  and  80  per  cent,  matte  at  from  10  to  20  per  cent.,  with  ta 
average  of  about  15  per  cent.,  most  of  the  loss  of  copper  being  in  roasting,  and  of 
nickel  in  smelting.  In  other  mines  of  the  district  good  authorities  make  the  loss  greater, 
as  much  as  25  per  cent,  in  most  cases.  To  get  the  true  contents  of  the  ore  from  the 
returns  of  metals  reported  it  will  be  necessary  then  to  add  probably  one-fifth  to  the  per- 
centages given  in  the  table.  As  the  statistics  of  other  countries  usually  gife  the 
metallic  contents  of  the  ores  as  determined  by  assay,  this  correction  is  necessary  in 
comparing  our  statistics  with  theirs. 

STATISTICS  OF  OTHER  COUNTRIES 

The  statistics  of  the  nickel  production  of  other  countries  than  Ontario  are  in  t 
very  unsatisfactory  state,  since  there  are  numerous  small  mines  whose  returns  seer  to 
be  made  up  in  different  ways.  The  most  important  mining  region.  New  Caledonia,  shipi 
almost  all  its  ore  raw  to  various  countries  of  Europe,  though  a  little  of  it  hss  oooe 
to  the  United  States,  also ;  and  the  returns  of  the  nickel  produced  in  these  oountriet  de 
not  agree  with  the  amount  estimated  in  the  raw  ore.  Some  portion  of  the  ore  probtblf 
remains  in  stock  from  year  to  year,  so  that  the  output  of  Europe  should  foHow  the  Net 
Caledonia  returns  after  a  lapse  of  perhaps  a  year  for  ocean  transport  and  the  tb* 
needed  for  smelting  and  treatment. 


So  Ibid.,  p.  230-1. 
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i«  following  table  io'  taken  from  U.  OIumt'b  report  on  the  mineral  wealth  of  New 
Hiu,  the  values  being  changed  from  francs  to  dollars  by  dividing  by  five,  which 
J  orerstatea  them.  The  tons  are  metric,  slightly  less  than  oar  long  tons,  and^ 
ndosed  in  parentheeea  were  smelted  to  matte  on  the  island.  M.  Glasser  thinlcs 
Inea  for  1698,  1899  and  1900  are  exaggerated,  having  been  obtained  by  multipljing 
imber  of  tons  of  moist  ore  b;  the  value  per  ton  of  dr;  ore.>< 


New  Caledonia 
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I  oonclude  the  statistics  of  nickel  production.  Dr.  Barlow's  table,  mainly  derived 
±B  Metallgeaellschaft  und  Metallurgiscfae  Oeeellschaft  (Frankfort-on-the-Main), 
1903,  p.  23,  for  Europe;  and  from  V.  S.  and  Canadian  authorities  for  America, 
in  below :  ** 
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A  comparison  of  tho  total  output  of  nickel  in  Europe  from  New  Caledonian  ore 
with  the  quantity  of  nickel  shown  by  assay  of  the  ores  exported  shows  that  the  meUl 
refined  in  Europe  almost  always  falls  much  below  the  amount  estimated  from  the  assajrii 
and  only  in  one  year,  1896,  runs  beyond  it.  What  percentage  of  loss  there  is  in  amelting 
the  New  Caledonian  ore  is  not  stated;  but  the  loss  during  heap  roasting  should,  of 
course,  be  avoided,  so  that  the  total  loss  of  nickel  from  the  New  Caledonia  ore  should  be 
less  than  from  Canadian  ore. 

The  advance  from  year  to  year  in  the  production  of  nickel  from  Canadian  ore  if 
more  rapid  than  that  from  New  Caldonian  ore,  so  that  our  mines  appear  to  be  gaining 
ground  as  compared  with  those  of  our  rivals. 


Minerals  of  the  Sudbury  Nickel  District 

PYRRHOTITE 

The  characteristic  sulphide  of  the  Sudbury  mines  is  pyrrhotite  or  magnetic  pryi'tes, 
which  has  already  been  described  in  connection  with  the  ore  deposits.  It  is  a  minertl 
.  of  somewhat  variable  composition,  running,  according  to  Dana,  from  Fe^S^  to  Fe^ 
Sif,  but  always  containing  a  little  more  sulphur  than  iron.  In  the  Sudbury  region 
it  is  almost  always  massive,  with  little  hint  of  crystal  form,  though  at  a  number  o! 
mines  it  shows  a  platy  structure  suggesting  a  basal  cleavage.  Almost  the  only  oiyitil 
on  record  is  one  obtained  by  Prof.  G.  R.  Mickle  from  a  miner  at  Worthington.  He 
describes  it  thus :  ''The  crystal  is  evidently  a  hexagonal  prism  showing  strongly  marked 
basal  cleavage;  two  of  the  sides  are  intact  and  portions  of  two  others  remain.  His 
dimensions  are  1  3-10  inch,  or  32  mm.,  by  \  inch,  or  13  mm. ;  the  weight  26.1  grami; 
and  an  analysis  of  a  very  small  fragment  from  the  crystal  gave  2.3  per  cent,  of  nickel" 

In  general  it  is  stated  that  the  pyrrhotite  itself  contains  no  nickel,  the  metal  being 
carried  by  enclosed  pentlandite ;  but  the  above  analysis  shows  that  apparently  pure  and 
crystalline  pyrrhotite  may  contain  it.  Experiments  in  magnetic  separation  of  the  findy 
pulverized  ore,  carried  out  by  Dr.  Barlow,  Dr.  Dickson  and  ethers,  show,  however, 
that  in  general  the  nickel  belongs  to  a  non-magnetic  mineral,  which  must  be  pent- 
landite. 

PYRITE 

Iron  pyrites,  FeSg,  is  found  at  many  of  the  mines,  its  pale  brassy  yeUow  color  and 
its  hardness  distinguishing  it  from  the  previously  mentioned  sulphides.  It  occurs  as  wdl 
formed  octahedra  embedded  in  the  pyrrhotite  at  the  Blue  lake  and  other  mines;  and 
cubes  of  pyrite  are  found  in  small  fissures  with  quartz  and  calcite  at  Elsie  mine.  An  avty 
of  the  latter  pyrite  showed  no  nickel.  Prof.  T.  L.  Walker  has  found  pyrite  with  the 
pyrrhotite  from  the  Murray  mine,  and  believes  that  nickel  is  contained  in  it,  repladng 
part  of  the  iron.83  His  analysis  of  the  pyrite  gives  4.34  per  cent,  of  nickel,  89.70  of 
iron,  49.31  of  sulphur,  and  6.76  per  cent,  of  insoluble  matter. 

MARCASITE 

The  rhombic  variety  of  FeS^  occurs  in  several  mines  and  is  common  in  ore  from 
the  Worthington  offset,  especially  at  openings  northeast  of  the  mine.  It  has  not  been 
found  in  crystal  form,  though  its  whitish  color  and  general  appearance  are  charmcterii^ 
An  assay  of  the  Worthington  marcasite  by  Prof.  Walker  showed  4.6  per  cent,  of  nkkel, 
and  similar  results  were  obtained  by  Dr.  Hillebrand  of  the  U.  S.  Survey,  who  found 
4.67  per  cent.  It  is  probable  that  pentlandite  is  mixed  with  the''marca8ite.i4  It  dio«M 
be  mentioned  that  tae  mineral  here  spoken  of  as  marcasite,  shows  no  crystal  fonm; 
so  that  it  is  somewhat  uncertain  whether  it  is  really  marcasite  or  a  mastiTe  varieti 
of  pyrite. 


83  Am.  Jonr.  80..  3rd  Berlet.  '7o\.  TLTll,  ^^.  ^W\«^, 
S4  O.   8.   C.    1890-91.  Pan  BB.  p.  \\e>. 
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PENTLANDITE 

The  most  important  mineral  belonging  to  the  Sudbury  ore  depodts  is  pentlandite 
(FeNi)S,  since  in  most  cases  this  is  the  actual  nickel-bearing  constituent.  Though 
it  is  supposed  to  be  mixed  intimately  with  all  the  nickeliferous  pyrrhotitOy  it  cannot  be 
distinguished  in  the  ore  at  most  of  the  mines.  The  best  localities  to  find  it  are  the 
WorthingtoUy  Greighton  and  Evans  mines,  but  even  in  these  ores  one  must  often  search 
oarelnlly  to  see  the  paler,  slightly  yellowish  patches  characterised  by  a  distinct  octa- 
hedral deaviage.  No  crystals  have  been  found,  but  cleavage  surfaces  of  a  third  of  an 
inch  in  diameter  may  be  obtained.  The  ratio  of  nickel  to  iron  in  pentlandite  is  generally 
given  as  variable,  but  with  more  iron  than  nickel,  as  a  rule.  The  Sudbury  pentlandite 
contains,  however,  a  larger  amount  of  nickel  than  of  iron,  as  may  be  seen  from  the 
following  analyses,  No.  I  by  Prof.  Penfieldss,  Nos.  II  to  IV  by  Dr.  Dickson.*^ 


m 

Ck) 

Fe 

I. 

..    ••    •«•.     oU.2o 

II. 

34.82 

.84 

30.00 

32.90 

III. 
33.70 
.78 
29.17 
32.30 

IV. 
34.98 
.86 
30.04 

8 

Oansne   

33.42 

67 

33.30 

99.42       98.56       95.95       99.17 

MILLERITE 

Millerite,  NiS,  crystallizing  in  hair-like  forms  or  slender  prisms  of  brass  yellow 
color,  is  the  richest  nickel  mineral  found  in  the  region,  since  it  contains  64.6  per  cent. 
of  the  metal.  It  is,  however,  very  rare,  though  in  earlier  studies  of  the  deposits  it 
18  sometimes  referred  to  as  disseminated  through  the  pyrrhotite.  It  has  been  found 
at  Copper  Cliff  by  Dr.  Peters  and  Dr.  Dickson,  the  latter  considering  it  secondary  after 
pentlandite.  Prof.  Walker  and  the  writer  found  slender  crystals  of  it  in  the  rich  nickel 
ore  of  the  Vermilion  mine. 

POLVDYMITE 

This  mineral  has  been  described  from  the  Vermilion  mine  by  Messrs.  Clark  and 
Catlett,*'    who    gives    it    the    composition    NigFess.     Analyeee    are    given    below,    I   Irom 

authors  mentioned,  II  from  Mr.  Browne  :M 

I.  II. 

Ki 41.96  36.85 

Fe 15,57  18.17 

8 40.80  38.43 

Ou 0.62  4.47 

BiOa       1.02 

Totals 99.97  98.45 

The  mineral  from  the  Vermilion  mine  is  gray,  very  easily  tarnished  and  very  soft. 
On  the  ore  dump  it  quickly  decomposes  and  loses  its  metallic  lustre  Quite  large  lumps 
may  be  obtained  almost  free  from  other  minerals,  though  there  are  generally  streaks 
of  chaloopyrite  running  through  it. 

NICKELITE  OR  NICCOLITE 

Kupfer-nickel,  NiAs,  was  the  earliest  source  of  the  metal  and  is  one  of  the  richest 
ores,  containing  43.9  per  cent,  of  nickel.  Its  pale  copper  red  color  and  metallic  lustre 
make  it  a  striking  mineral,  and  suggest  the  presence  of  copper,  from  which  the  original 
name  given  it  by  the  German  miners  was  derived.  In  the  Sudbury  region  it  has  been 
found  only  on  the  Worthington  property  and  some  openings  on  the  same  offset  to  the 
northeast.  The  recent  finds  in  the  silver-cobalt-nickcl  mines  near  lake  Temiskaming 
are  often  very  rich  in  this  mineral. 

SsAm.  Jonr.  So.  (3rd  Series)  Vol.  XLV,  1893,  pp.  493^. 
S6  Trans.  Am.  Inst.  Iffin.  Bng.,  Vol.  XXXIV.  1904,  p.  21. 
St  Am.  Jour.  So.,  Vol.  XXXVII,  1889.  p.  372-4. 
SSBnf.  Kin.  Jonr.,  Vol.   LVI,  p.  566. 
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GERSDORFFITE 

Thifi  mineral  is  also  an  arsenide  of  nickel,  NiSAs,  but  with  a  larger  amount  of 
arsenic  and  sulphur,  so  that  it  cimtains  only  35.4  per  cent,  of  nickel.  It  is  white  to 
steel  gray  in  color  and  is  found  associated  with  nickelite  in  the  Worthington  o&et, 
where  its  name  has  been  given  to  a  prospect,  the  Gersdorf&te  mine. 

The  foregoing  minerals  are  the  only  nickel  minerals  proper  occurring  in  the  Sad- 
bury  district,  and  apparently  the  only  really  important  one  is  pentlandite.  The  others 
are  never  found  in  the  larger  mines  along  the  margin  of  the  nickel  eruptive,  but  only 
along  the  offset  deposits,  and  usually  at  a  distance  from  the  edge  of  the  norite. 

In  1892  Dr.  B.  H.  Enunons  described  three  new  nickel-iron  sulphides   from  tbe 

Sudbury  region,  folgerite,  whartonite  and  blueite,  with  axnounts  of  nickel  running  from 

3.70  per  cent,  in  the  last  to  31.45  in  the  first  ;<9  but  later  writers  hold  thiat  hia  deter 

minations  were  made  from  mixtures  of  minerals.    Prof.  Penfield  considers  the  folgsrite 

really  pentlandite,  the  blueite  nickeliferous  pyrite  and   the   whartonite   a  mixtureJ^ 

Mr.  Mickle  gives  the  following  account  of  specimens  res^nbling  the  blueite  as  described 

by  Dr.  &nmons: 

.  ''A  peculiar  grayish-green  bronse-colored,  non-magnetic  mineral,   which  tamiabdi 

to  a  dull  bronze^  was  found  by  Mr.  McVittie  on  the  location  where  the  Gertrude  mine 

now  is.    The  mineral  occurred  massive,  with  small  crystals  of  magnetite  and  specin 

of  chaloopyrite' disseminated  throjigh  it,  in  a  streak  about  six  inches  wide  adjoining 

the  granite.     An  analysis  of  the  mineral  after  removing  the  magnetite  gave  the  foUoir- 

ing  results: 

Found.  Oaloulated. 

Iron 37.28  per  cent.  41.48  i»er  cent. 

Bolphnr 46.54  i»er  cent.  51.79  i»er  cent. 

Nlokel 5.95  per  oent.  6.62  per  oent. 

Oopper 0.10  per  oent.  0.11  per  oent. 

Inaol 9.66  per  oent. 

99.53  100.00 

"  Assuming  the  composition  to  be  Fe  Sj,  NiS  and  Cu'Fe  Sg  : 

41.48  per  cent,  of  iron  requires  47.41  per  cent,  of  sulphur. 
6.62  "  nickel        "        3.65 

0.11  "  copper      "        0.11 

which  agrees  fairly  closely  with  the  amount  of  sulphur  found  in  the  calculated  com- 
position, vis. :  51.79  per  cent. 

"Polishing  one  side  of  the  specimen  shows  that  the  piece  is  not  homogeneous  bnt 
resembles  a  porphyry  in  structure,  consisting  of  a  ground-mass  with  crystals  imbedded 
m  it.  the  crystals  having  a  more  yellowish  color  than  the  ground-mass.  Etching  rereali 
a  cellular  structure  in  the  ground-mass  of  alternate  light  and  dark  lines  somevhtt 
Jtke  the  surface  of  meteoric  iron  or  certain  steels  when  similarly  treated.  Sorroundiu 
the  crystak  is  always  a  dark  rim.  A  similar  peculiar  grayish-green  bronae  minsnii 
from  Calumet  island,  Ottawa  river,  came  to  my  notice,  containing  2.64  per  cent,  of 
nickel ;  also  one  from  the  ninth  level  of  the  Copper  Cliff  mine,  the  light  colored  nujMnl 
forming  a  l>and  in  this  case.  In  the  examples  at  hand  it  does  not  seem  possiblo  t* 
separate  the  different  components  in  order  to  analyse  each  separately.  EmiMOi^ 
blueite  with  a  probable  composition  of  3.70  per  cent,  of  nickel,  41.01  of  iron  and  55.S9 
of  sulphur  agrees  in  description  with  the  mixed  sulphides  just  referred  to.  The  per- 
centage of  nickel  no  doubt  varies  according  to  the  relative  amounts  of  crystals  and 
ground-mass." 

We  may  conclude  therefore  that  the  three  supposed  new  minerals  should  be  omitted 
from  the  list  of  nickel-bearing  minerals  of  the  region. 

CHALCOPYRITE 

Chalcopyrite  or  copper  pyrites   is   always   found    associated    with  our  nickel  owi» 

though  sometimes  in  small  amounts.    Pyrrhotite  and  chalcopyrite  are  often  intiiiiitely 

mixed,  as  shown  in  previous  chapters,  though  there  is  a  tendency  for  the  oopper  pyritai 

^joccur  as  narrow  stringers  in  fissures  of  the  country  rock  more  often  than  pyrrhotits, 

ipEnr.  Kin.  Jour.,  189%,  p.  (09.        ykkm.  So^occ.  %n.«'Hc\.  T1N«  ^am^  ^^  49H. 
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as  if  the  copper  pyrites  were  the  more  mobile  of  the  two  minerals.  Good  crystals  of 
copper  pyrites  have  not  been  found  in  the  Sudbury  region.  The  composition  of  copper 
pyrites,  Cu  Fe  S^,  is  constant,  and  the  greenish  yellow  color  and  general  character  of 
the  mineral  are  familiar.  Its  irridescent  colors  when  tarnished  are  striking,  and  may 
be  noticed  on  any  waste  dump  at  the  mines. 

BORNITE 

The  Vermilion  mine,  which  differs  so  much  from  the  others  in  tne  district,  is  the 
only  one  in  which  this  mineral  has  been  noticed.  It  occurs  with  quartz  and  chalcopyrite, 
but  in«  small  quantities  only.  Chalcocite,  the  pure  sulphide  of  copper,  also,  has  been 
reported  from  this  mine,  and  native  copper  was  found  at  the  mine  in  early  days. 

MOLYBDENITE 

Among  the  minerals  at  Worthington  occasionally  a  seam  of  lead  gray  molybdenite 
is  found  crossing  the  pyrrhotite  or  partly  enclosed  in  the  greenstone,  but  the  amount 
is  yery  small.  It  seems  to  have  been  a  later  deposit  in  fissures  cutting  the  ore  and 
country  rock. 

QALENA 

The  only  other  sulphide  mineral  in  addition  to  those  described  above  is  galena, 
PbS,  which  occurs  in  small  amounts  as  narrow  seams  with  a  little  quartz  or  enclosed 
in  the  ore  without  quartz  in  the  Copper  Cliff  and  other  mines.  The  galena  may  account 
for  a  part  of  the  silver  always  found  in  assays  of  matte,  the  rest  being  contained  in 
the  copper  pyrites. 

SPERRYLITE 

• 

The  platinum  arsenide,  named  by  Penfield  and  Wells,  sperrylite,  (PtAs2), 
was  first  obtained  from  the  gossan  of  the  Vermilion  mine,  but  afterwards  from 
the  Victoria  mine,  then  called  the  McConnell  property.  It  was  named  for 
Mr.  F.  L.  Sperry  of  the  Canadian  Coper  Company.  As  the  first  natural  com- 
pound of  platinum,  it  has  naturally  attracted  much  attention  from  mineralogists. 
It  is  a  tin  white,  metallic  looking  mineral  in  tiny  crystals  belonging  to  the 
UBometric  system  and  showing  many  of  the  planes  found  on  pyrite.  Although  the 
crystals  are  minute,  the  largest  not  exceeding  a  diameter  of  limm,  or  about  1-18 
of  an  inch,  the  planes  are  perfect  enough  to  measure  a  large  number  of  angle6.9t  The 
specific  gravity  is  10.6,  so  that  it  is  probably  the  heaviest  mineral  known  except  the 
native  metals.  It  is  generally  obtained  by  panning  the  gossan  of  the  mines  mentioned, 
where  it  occurs  along  with  gold. 

An  investigation  of  the  McConnell  property  by  Mr.  Mickle  in  1897,  showed  that 
sperrylite  was  generally  distributed  through  not  only  the  gossan  but  also  the  solid 
ore,  his  assays  demonstrating  that  the  platinum  is  associated  with  the  copper  rather 
than  the  nickel  ores,  though  some  is  found  in  the  latter  also.  The  average  of  six 
samples  of  solid  ore  gave  a  trifle  over  3  dwt.  of  platinum  and  a  little  gold  per  ton, 
while  pyrrhotite  with  little  copper  pyrites  gave  considerably  less  than  the  average, 
and  one  example  of  ore  with  much  chalcopyrite  gave  7  dwt.  12  gr.  of  platinum  and 
a  trace  of  gold.  His  highest  assay  showed  1  oz.  3  dwt.  of  platinum  and  3  dwt.  of  gold 
from  decomposed  ore  resting  on  the  solid  ore. 

These  results  suggest  an  appreciable  increase  in  the  value  of  the  matte  from  Victoria 
mine  as  compared  with  the  other  mines  in  the  district,  where  the  amount  of  gold  and 
platinum  in  the  ore  seems  to  be  much  less,  since  these  metals  and  al^o  the  silver  are 
concentrated  along  with  the  nickel  and  copper  in  the  matte,  and  should  be  recoverable. 


9xNiool   and    Goldsohmidt,   Ueber  Sperrylite,    Zeitsohrift  fiir   Eryst.,    Band  3&«   ^<bl\.  \   «xl^ 
2.  p.    58. 

11   M.  (in) 
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It  is  of  interest  to  see  that  Dr.  Dickson  found  quite  a  large  number  of  sperrylite  crystals 
in  almost  pure  chalcopyrite  from  the  Victoria  mine,  but  not  in  the  other  Sudbury  ores 
examined. 93 

Sperrylite  may  be  looked  on  as  the  source  of  the  platinum  always  found  in  Sod- 
bury  matt€6,  and  perhaps  also  of  other  metals  of  the  platinum  group,  though  the  large 
amount  of  palladium  recently  reported  from  the  matte  is  not  accounted  for  by  the 
chemical  composition  as  given  bekw,  the  mean  of  two  analyses: 93 

Per  cent. 

Artonio   40.98 

Antimonj    0.60 

Platinom    62.57 

Bhodiom    0.72 

Palladium    trace 

Iron    ..    ^ 0.07 

x>£t&8L . eme ••    ••••  h.oa 

Total   99.46 

Since  its  description  from  the  Sudbury  region  sperrylite  has  been  found  associated 
with  copper  ores  in  various  other  parts  of  the  world,  so  that  it  can  no  longer  be  looked 
on  as  a  unique  or  specially  rare  mineral. 

The  only  other  known  locality  for  it  in  Canada  is  Copper  mountain,  Brituh 
Columbia,  where  it  was  found  with  bornite  and  copper  pyrites  by  Mr.  Julei 
Catherinet.93 

its  presence  in  the  nickel  ores  of  Norway  is  inferred  by  Vogt,  einoe  analyses  of 
matte  show  that  platinum  is  present,  but  the  actual  sperrylite  has  not  been  found 
in  ScandinaTia. 

MAGNETITE  AND  TITANIFEROUS  IRON  ORE 

In  basic  rocks,  such  as  norite,  magnetite  or  titaniferous  iron  ore  or  ilemenite  is 
always  present,  and,  as  might  have  been  expected,  these  minerals  are  often  dts- 
seminated  in  the  nickel  ores.  Well  formed  octahedra  are  common  embedded  in  the 
pyrrhotite  from  the  Levack  mine,  and  a  mass  of  magnetite  five  tons  in  weight  was 
found  completely  enclosed  in  the  ore  at  Clara  Bell  mine  north  of  Copi>er  Cliff. 
Specimens  are  readily  attracted  by  the  magnet,  so  that  it  is  not  highly  titaniferous; 
and  it  contains  grains  of  pyrrhotite  and  chalcopyrite  as  well  as  small  portions  of 
a  green  silicate.  Titaniferous  iron  ore  was  found  in  small  quantities  by  Prof.  Walker 
in  ore  at  the  Murray  mine,  and  many  of  the  thin  sections  made  from  the  nickeliferoos 
norite  contain  magnetite  surrounded  by  leucoxene,  showing  that  the  nnweathered 
mineral   contained  titanium. 

CASSITERITE 

The  only  other  oxide  of  interest  in  the  nickel  ores  is  cassiterite,  or  oxide  of  tin, 
which  was  found  by  Messrs.  Penfield  and  Wells  along  witn  the  sperrylite  from  Ver- 
milion  mine.      The  quantity  is  insignificant,    however. 

NATIVE    METALS 

Native  copper  has  already  been   mentioned   as  occurring    in  the   Vermilion  mine^ 
no  doubt  as  a  gossan  product.       Gold  is  more  commonly  found,    as  small  colon,  i 
the  gossan  at  the  Vermilion   and  Victoria  mines,   as  shown   in    a  previous  paragra^ 
In  early  days  it  could  be  panned  without  difficulty  at  both   localities    and  tih« 
amount  of  gold  obtained  from  the  nickel   matte  of   all  the  mines   is  no  ^'^^ 
accounted  for  by  the  presence  of  free  gold  in  the  ore. 

Whether  the  very  considerable  amount  of   palladium  obtained    from  Co^^^x^ 
matte  occurs  native  or  belongs  to  some  compound  resembling  sperrylite  is  ^^ 
A  small  part  of  the  silver  in  the  matte  probably  occurs  native,  alloyed  wi*^^  ^^ 

9* Am.  Jour.  So..  Vol.  I,  18%>  p.  112;  and  Trans.  Am.  Inst    lfi»i7«T  wT       ^  ." 
93 Am,  Jonr.  Bo..  Vol.  XLXTll.  \%W.       9^B.  M.  J.,  1905/ p/ 125.  ''  ^®^* 
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QOSSAN  MINERALS 

Almost   all   the   nickel  deposits   have  been  acted   on  by   the   weather  since 
wi,  s,  z  glacial  period,  and   are    more    or    less    covered    with    gossan.       One  might  naturi 

k  ^  expect   to   find   nickel  and    copper  compounds    in    the  gossan,    but   apparently    tli 

compounds  are  more  soluble  than  the  iron  oxides,  and  up  to  the  present  only  trs 
of  them  have  been  reported  from  the  region.  The  gossan  consists,  apparently 
tirely,  of  limonite  or  hydrous  sesquiozide  of  iron,  whose  rusty  brown  color  charad 
iaes  the  deposits.  Part  of  the  limonite  shows  a  dark  brown,  concretionary  appearai 
while  other  parts  are  earthy  and  yellower.  At  the  Creightcn  there  are  in  places  ^ 
pretty  concretionary  growths  in  the  cavities  of  the  gossan,  while  other  parts  h 
a  brecciated  appearance,  angular  fragments  of  brick  red  or  yellow  limonite  be 
cemented  by  dark  brown  or  even  metallic-looking  black  limonite,  the  lighter-c(^o 
blocks,  first  deposited  as  mud,  having  dried  and  split,  allowing  the  dark  variety 
fill  the  spaces.  Some  of  the  gossan  deposits  might  almost  be  used  as  iron  ores, 
completely  have  the  sulphides  been  decomposed. 

When  damp  there  is  a  peculiar  odor  connected  with  the  pyrrhotite  depoi 
coming  from  the  sulphates  resulting  from  the  action  of  oxygen  and  water  on  the  < 
Ferrous  sulphates  and  doubtless  sulphates  of  copper  and  nickel,  are  formed  in  nati 
like  the  sulphates  which  appear  in  cavities  in  the  roast  heaps.  The  only  min< 
of  the  kind  which  hHs  been  described  is  Morenosite  or  nickel  vitriol  (NiS04-f 7H 
which  occurs  as  a  greenisii-white  and  pale  apple-green  incrustation  at  the  G 
dorffite  and  Worthington  mines. 94 

QANQUE  MINERALS 

In  almost  all  ore  deposits  the  gangue  minerals  are  much  in  evidence  and  req^ 

aescription;  but  in  this  respect  the  Sudbury  nickel  region  is  an  exertion.     Lea^ 

out  of  Tiew  the  rock-forming  minerals  of  the  norite  and   the  granite  or  greenst 

o*   the  country   rock  on  the  opposite  side  of  the  ore   deposits,    gangue  minerals 

*ctic»l|y   absent  in  the  marginal   type   of  deposit,   and   play   a   very   inoonspict 

^  m  most  of  the  offset  deposits.     There  are  a  few  later  fissures  at  Creighton,  1 

^     ,    otAer  marginal  mines  in  which  quartz  and  carbonates,  such  as  calcite,  doloi 

^  .^*^Hto,   are  found;  but,   as  they  are  not  connected  with   the   formation  of 

and  do  not  affect  its  character  appreciably,  they  may  be  neglected. 

carbo  offset  deposits,  such   as   Copper  Cliff  and  Victoria   mine,  quartz  and 

^®P08>  ^^   ^'^    more    common,    but    still    form    only    a    trifling    percentage      of 

9-UHFt     '      '^^    ^^^  Vermilion   and   Worthington   offsets,  however,    there   is  often  n 

^y  oiro    I   *^  *    varying  amount  of  carbonates,  suggesting  a  considerable  re-arrangen 

witli  til    ^^^^S  ^'^ater.    In  some  of  the  offset  deposits,  as  at  Worthington  and  piara  I 

^Uartx  and  carbonates  blade-like  crystals  of  actinolite  are  found. 


K  ::: 


^  USES  OF  NICKEL 

^        picj^^j       ^etAl     xiickel    was    discovered    by    Cronstedt  in  1761,  in  the  mineral   kup 

jf       Ui  l2^  ^<kiolit^^    o^  nickelite),  obtained  from  a  cobalt  mine  in  Helsingland,  Sweden, 

^j^f       ^o  Hj .    ®  /tt-T^fc^x*  investigated  the  substance  and  described  the  properties  of  the  mc 

^i/f'       ^^'^t/^p,  ^^••i    -fe'«^X>^«r-nickel   looks  like  copper   but   does  not   contain  that  metal,  di 

10'^'    *^e  ^   ^9   xxM.lx^^rag  who  gave  the  name  in  derision;  and  Cronstedt  applied  the  n 

'vras  not  until  1775  that  Bergman  prepared  the  pure  metal,  howe 

a     doubted  its  purity  because  it  was  attracted  by  the  magnet,  wl 

oontained  iron.95    It  was  long  before  a  use  was  found  for  the  m 

^KM.    its  alloy,  packfong,  containing  copper,   nickel  and  sine,   had  I 

Iziese  from  time  immemorial;  and  it  is  said  that  "the  Bactrian  1 


^P    87,  95  Kopp.  Ge8chitchedeTChein\c,Vo\.  ^.\^v•'^^*-^• 
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£iithydemo8  who  reigned  about  236  B.  C,  employed  an  alloy  of  niekel  for  coinage 
purposes,  containing  77.68  per  oent.  of  copper,  20.04  per  cent,  of  nickel  and  1.72  per 
cent,  of  impuritie8."96 

Alloys  of  nickel  were  used  then  long  before  the  pure  metal  was  known,  very  much 
as  bronae,  the  alloy  of  copper  and  tin,  was  used  for  ages  before  the  metal  tin  was  pat 
to  use. 

Nickel  alloys  with  many  metals  but  its  alloys  with  copper  and  zinc  are  the 
monest*  being  used  under  varioua  trade  names,  such  as  German  silver, 
argentan,  white  metal  or  queen's  metal.  German  silver  usually  contains  5  parts  of' 
copper,  2  of  nickel  and  2  of  sine;  and  paokfong,  mentioned  before  as  a  Ghinese  aUoj, 
contains  about  40  per  oent.  of  popper,  15  per  oent.  of  nickel  and  46  per  cent,  of  sine. 
An  alloy  of  20  per  oent.  of  nickel  with  80  per  oent.  of  copper  is  much  used  for  caiiBg 
bullets.  For  subsidiary  coinage  an  alloy  of  76  per  cent,  copper  with  26  per  oent.  of 
nickel  is  used  by  the  United  States,  Germany,  Belgium,  Brazil  and  Venezuela  ;  and 
similar  alloys  are  used  by  other  countries. 

Within  the  last  few  years  several  nations  have  adopted  pure  nickel  instaad  of  the 
nickei-copper  alloy  for  their  coinage,  and  the  pure  metal  has  many  points  in  its  favor. 
It  does  not  tarnish  and  change  color  lik«  the  alloy;  but  keeps  a  bright,  attractive  color; 
and,  as  it  is  harder,  the  imprint  stands  wear  much  better.  It  is  more  difficult  to 
counterfeit,  since  the  minting  requires  more  powerful  presses.  Switaerland  was  thi 
first  country  to  adopt  the  pure  nickel  coinage,  in  1883,  when  20-centime  (four  cents) 
coins  were  strucK.  in  1892  Austria  Hungary  put  in  circulation  four  new  nickel  ooiBi; 
Italy  came  next  with  26  centessimi  (five  cents)  coins,  but  they  resembled  the  silrsr 
lira  (20  cents)  so  much  that  they  were  withdrawn.  In  France  a  bill  was  passed  is 
1903  authorizing  the  issue  of  26  centime  pieces  (five  cents),  and  in  1904  coins  of  the  samo 
value  but  of  different  design  were  issued.97 

The  fineness  of  nickel  used  for  coinage  is  from  97  to  98  per  cent,  pure,  and  the 
diameters  of  the  coins  mentioned  are  from  19  to  24  millimeters  (from  }  to  nearly  ss 
inch),  so  that  they  correspond  nearly  to  Canadian  bronze  cents.  The  numbers  of  these 
coins  issued  by  the  nations  mentioned  already  reaches  into  the  hundreds  of  millions;  and 
they  are  so  preferable  in  every  way  to  the  dull  and  unpleasant  smelling  coins  of  copper 
or  of  copper-nickel  alloy  that  other  nations  may  be  expected  to  follow  their  example. 

Why  should  not  Canada,  the  producer  of  half  the  nickel  of  the  world,  replace  hsr 
ugly  cents  by  clean,  untarnishable,  nickel  coins,  almost  as  handsome  as  silver  and  mach 
more  durable?  Canada  is  presently  to  have  a  mint,  and  it  should  begin  its  work  1^ 
coining  one-cent  and  five-cent  pieces  of  pure  nickel;  making  use  of  a  distinctively  Can- 
adian metal. 

A  new  use  for  pure  nickel,  which  may  grow  to  be  of  great  importance  is  in  the 
manufacture  of  Edison's  latest  storage  battery,  which  is  very  much  lighter  than  the 
old  lead  storage  batteries. 

The  uses  of  pure  nickel,  other  than  for  coinage,  are  not  at  present  of  great  iiB- 
portance,  though  various  small  articles  are  made  from  it,  but  its  use  in  plating  iron 
or  steel  and  zinc  is  very  wide-spread,  on  account  of  the  untarnishable  white  sorfaoe  it 
gives;  and  nickel  plated  articles  are  in  use  everywhere. 

NICKEL  STEEL 

The  value  of  nickel  as  the  pure  metal  and  in  its  alloys  with  copper,  zinc  and  other 
metals,  where  the  percentage  of  nickel  is  considerable,  depends  largely  on  its  white 
color,  and  the  fact  that  nickel  has  a  very  high  power  of  impressing  its 
alloys  in  which  other  metals,  such  as  copper,  are  in  preponderance. 


96  Q,  8.  0.,  1904,  part  H,  p.  524;  where  Dr.  Barlow  refers  to   ^ast<*n«  llistorioal  Sketch  9f 
Nickel  as   his  authority. 

97  See  an  interesting  artio\e  in  TYift  Itoh  k^^,  '^oX.  '\^»'^<>.  \\,  "v^.  1175-6. 
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In  its  alloy  with  iron  and  steel  the  usefulness  of  nickel  tarns  on  the  great  improve- 
ment in  strength  and  other  properties  which  it  imparts  to  the  alloys,  eren  when  present 
in  quite  small  amounts.  It  is  singular  that  iron  and  nickel,  wiUi  their  dose  relative 
cobalt,  should  be  so  regularly  divorced  in  ordinary  ore  deposits,  for  the  three  form  a 
natural  group  of  metals  very  much  alike  in  many  of  their  properties,  and  probably 
once  intimately  associated.  In  meteorites  iron  plays  the  largest  part,  but  always 
contains  a  small  percentage  of  nickel  and  a  much  smaller  peicentage  of  cobalt.  In  a 
few  examples  of  basic  eruptive  rocks  we  find  the  native  metals  associated  also,  but 
iron  ores  are  almost  always  devoid  of  nickel  or  cobalt.  The  ores  of  iron  have  undergone 
processes  which  have  removed  the  nickel,  probably  because  of  the  greater  solubility  of 
its  compounds,  if  the  two  metals  were  associated  in  the  beginning,  as  seems  likely. 
One  of  the  most  striking  advances  in  metallurgy  of  late  years  has  been  the  restoration 
of  the  partnership  of  iron  and  nickel  by  the  production  of  nickel  steel. 

The  idea  of  using  a  nickel-iron  or  steel  alloy  was  suggested  by  more  than  one 
scientific  man,  and  samples  of  such  an  alloy  were  made  and  more  or  less  experimented 
with  long  ago,  as  may  be  seen  from  the  following  extract  from  Mr.  Albert  Ladd  Colby's 
valuable  paper  on  Nickel  Steel :  its  Properties  and  Applications.ps  Searching  through 
proceedings  of  scientific  societies  for  the  past  80  years,  he  has  found  a  number  of  refei^ 
ences  to  the  subject. 

In  1822  Stodart  and  Faraday  published  their  experiments  made  at  Sheffield  in 
the  alloying  of  nickel  and  iron.  A  little  later  Berthier  made  some  similar  experiments 
in  France. 

"In  1890,  Wolf,  of  Schweinfurt,  Germany,  put  some  nickel-iron  alloys  on  .  the 
market,  which  he  called  'Meteoric  Steels.'  They  were  damasked,  and  Liebig  comments 
on  their  magnificent  appearance  in  a  note  in  the  Annalen  der  Pharmacie,  and  states 
that  this  alloy  is  destined  to  be  developed  in  the  near  future. 

"In  18S6  Fairbairn  published  some  experiments  undertaken  to  determine  the 
strength  of  some  alloys  of  nickel  and  iron  similar  in  composition  to  meteoric  iron. 

"At  the  Exposition  held  in  New  York,  in  1863,  Philip  Thurber  exhibited  several 
samples  of  niokd  steels  produced  from  a  nickeliferous  limonite. 

"In  1858  Sir  Henry  Bessemer  made  an  experimental  3  per  cent,  nickel-iron  alloy, 
with  a  view  to  making  what  he  termed  'Meteoric  Iron  Guns.'  He  did  not,  however* 
pursue  the  subject,  nor  publicly  refer  to  the  matter  until  1896. 

"Percy  in  hie  Metallurgy,  published  in  1864,  refers  to  experiments  conducted  by 
Richardson  in  his  [Percy's]  laboratory  on  nickel-iron  alloys  varying  trom  1  to  50  per 
cent,  in  nickel. 

"In  1870  Alex.  Parkes,  of  Birmingham,  took  out  several  patents  for  the  production 
of  alloys  of  iron  and  nickel ;  in  1883  John  Gamgee  made  nickel-iron  alloys  in  Connecti- 
cut; in  1884  A.  M.  Clark,  of  London,  patented  the  manufacture  of  a  malleable  ferro- 
nickel. 

"In  1885  ferro-nickel  was  manufactured  at  Marbeau's  works  at  Montalaire.  France, 
under  the  supervision  of  Bertheault. 

"In  1887  hijshly  carboniferous  nickel  steels  were  made  experimentally  at  the  steel 
works  at  Imphy,  France;  and  in  1888  and  1889  several  French  and  English  patents  for 
the  manufacture  of  nirke!  steel,  and  its  applications,  were  granted  to  Marbeau, 
Schneider,  Riley  and  Hall. 

"It  is  therefore  evident  that  the  advantages  of  alloying  nickel  with  iron  and  steel 
have  been  known  for  some  time.  The  credit  of  mnkinp-  the  first  systematic  sories  of 
practical  tests  on  nickel  steel  belongs,  however,  to  Mr.  James  Riley,  then  of  Glasgow, 
whose  elaborate  naper  en  'The  Alloys  of  Nickel  and  Iron'  was  read  by  him  on  May  8 
1889.  From  a  discussion  of  this  paper  it  appears  that  J.  W.  Hall,  of  Sheffield,  had 
been  working  on  similar  lines,  but  his  results  had  not  been  publicly  put  on  record. 
Mr.  Riley's  paper  gave  the  impetus  to  the  introduction  of  nickel  steel  in  a  commer- 
cial way." 

It  should  be  mentioned  that  nickel  prepared  by  the  Mond  company  is  now  being 

used  in  the  manufacture  of  armor  plates  for  the  British  Government,  so  that  the  former 

prejudice  in  the  Old  Country  against  Sudbury  nickel  has  been  overcome. 

The  importance  of  nickel  steel  to  the  Province  of  Ontario  as   an   outlet  for   its 

nickel  was  early  recognised  by  the  Bureau  of  Mines,  and  papers  on  the  subject  may 

be  found  in  the  volumes  for  1893  and  189499;  showing  its  value  for  various  purposes, 

especially  in  the  manufacture  of  armor  plate. 

iirpfbo7~Am7  SooT  f or  Testing~MaterialB,  Vol.  III.  1903.  pp.  141  and  1. 
991893.  pp.   147-163;  1904,  pp.   182-198. 
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Since  that  time  almost  all  navies  have  been  clothed  in  nickel  steel  armor,  ai 
there  have  been  many  applications  of  the  alloy  to  other  purpoaee,  snoh  u  the  bicjc 
mannfacture,  the  making  of  shafts  for  steamships  and  the  making  of  steel  rails  i 
curved  part*  of  railways  where  there  is  heavy  traffic  causing  great  wear.  No  don 
the  great  improvement  in  the  strength,  elasticity,  et«.,  of  steel  imparted  hy  2  to  4  p 
cent,  of  nickel  would  have  caused  it«  use  on  the  large  scale  in  structural  steel  if  t 
ooot  of  the  metal  had  been  lower.  Further  instances  of  new  uses  for  this  alloy  w 
be  found  in  Mr.  Colby's  paper"»  and  in  Dr.  Barlow's  report.'"' 


APPENDIX  : 

Nickel  and   Nickel   5teel 

Although  much  h»8  been  written  on  nickel  Bt«el,  the  subject  is  of  sufficient  impert- 
ftnce  to  Ontario  to  warrant  taking  it  up  here,  particularly  as  some  new  docnmoita 
in  the  history  of  the  Bubject  hare  been  secured,  throagh  the  kindness  of  Mr-  S.  J. 
Ritchie,  of  Akron,  Ohio.  Mr.  Ritchie  was  specially  int«rest«d  in  the  develapment  of 
onr  nickel  deposits  as  one  of  the  early  owners  of  nickel  properties  in  Ontario,  and  was 


S.  J.  Ritchie,  Akron,  Ohio,  a  pioneer  in  Ueveloiiing  the  Sudbury  nickel  field. 


instrumental  in  drawing  the  attention  of  the  Nary  Department  of  Washington  to  the 
Talne  of  nickel  steel  in  armor  plates.  He  has  been  good  enough  to  provide  copies  of 
the  correspondence  on  the  subject,  part  of  which  is  here  reproduced.  The  work  of 
John  Gamgee  in  applying  nickel-iron  or  steel  has  apparently  been  somewhat  overlooked. 
It  will  be  observed  that  his  idea  of  using  it  was  derived  from  the  properties  of  the 
nickel-iron  meteorites.  The  report  of  Sir  Chariot  Tupper,  then  High  Commissioner  for 
Canada  in  London,  is  of  special  interest.  ,Mr.  Ritchie's  communication  dealing  with 
the  origin  and  early  history  of  the  nickel  industry  in  Ontario  and  Qamgee's  experiments 
at  the  Washington  Navy  yard  is  as  follows : 

a  »■  a.  e.  0.,  1904.  Part 
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Nickel  and  Yellow  Fever 

'*  The  discovery  of  nickel  and  the  origin  of  the  nickel  industry  in  the  Siidburr 
district  is  in  itself  quite  unique.  My  first  knowledge  of  nickel,  as  an  alloy  with  iron  or 
steel,  was  in  1876.  In  that  year,  I  think,  yellow  fever  was  epidemic  in  the  cities  of 
the  lower  Mississippi  and  Gulf  states.  It  is  well  known  that  the  germs  of  this  disease 
Are  killed  by  frost.  At  the  date  named,  I  was  spending  a  good  denl  of  time  in  the 
city  of  Washington.  At  the  same  hotel,  and  occupying  the  room  adjoining  my  own, 
was  one  of  the  most  fertile-brained  Englishmen  I  ever  met,  whose  name  was  John 
Gamgee.  He  spent  much  of  his  time  in  my  room.  He  was  resourceful  in  experiment 
and  demonstration,  but  his  imagination  went  far  beyond  his  laboratory  tests.  He  had 
remedies  for  tuberculosis  in  animals  and  for  yellow  fever  among  human  beings.  His 
remedy  for  yellow  fever  was  the  building  of  a  large  refrigerator  ship  on  which  a  frost 
temperature  was  to  be  maintained.  This  ship  he  proposed  to  move  around  to  the 
different  cities  where  the  fever  existed,  and  to  take  the  patients  on  board  where  they 
were  to  be  cured  by  the  frosty  atmosphere. 

'He  laid  his  plans  before  the  United  States  Senate  Committee  on  Epidemic 
Diseases,  and  convinced  that  Committee  of  the  feasibility  of  his  enterprise.  He  asked 
me  to  go  with  him  to  that  Committee,  several  of  the  members  of  which  I  was  very  weU 
acquainted  with,  and  aid  him  in  securing  a  government  appropriation  for  the  build- 
ing of  his  refrigerator  ship. 

''I  did  succeed  in  getting  a  promise  from  the  Committee  that  an  appropriation 
of  $250,000  would  be  given  to  Gamgee,  provided  he  could  actually  demonstrate  to  the 
committee  that  he  could  successfully  produce  and  maintain  the  proper  temperature, 
and  for  the  purpose  of  making  the  necessary  experiments  and  demonstrations  a  larg9 
room  and  all  the  necessary  machinery  was  placed  at  his  disposal  in  the  Navy  Yard 
at  Washington. 

"He  erected  a  large  machine  in  the  Navv  Yard  buildincs  built  by  the  Wilmington 
Car  Works  of  Delaware.  It  must  be  remembered  that  all  this  was  28  years  ago,  wh«i 
cold  storage  was  not  so  well  known  as  now. 

''Of  course  Gamgee  had  to  use  liquid  ammonia  in  producing  his  frosty  temperature, 
and  this  substance,  as  is  well  known ,  will  generate  gas  at  a  temperature  much  below 
the  zero  point.  Gamgeo  conceived  the  Utopian  idea  that  he  would  drive  his  machine 
with  the  gas  generated  from  his  liquid  ammonia  by  the  heat  of  the  atmosphere,  and 
that  the  gas  would  part  with  its  heat  in  the  labor  of  operating  the  machine  and  after 
having  done  its  work  wouUl  Ucone  reli(juetie<l  aiiH  Ije  r.ady  ajfuin  by  thi*  aul 
of  the  heat  in  the  atmosphere  to  generate  more  gas,  and  again  start  upon  a  second 
round  of  effort  the  same  as  the  first.  In  other  words  he  was  within  one  step  of  per- 
petual motion,  the  lacking  stop  being  the  wearing  out  of  the  machine. 

"Numerous  members  of  the  Senate  and  engineers  of  the  army  were  on  hand  to  see 
Gamgee's  ammonia  engine  operated.  Kight  here  Gamgee  struck  a  snag.  He  was  able 
to  generate  so  great  a  pressure  from  the  ammonia  gas  that  the  ordinary  cast  iron 
would  not  contain  it,  and  he  set  about  making  all  sorts  of  alloys  to  strengthen  the 
iron  and  to  overcome  its  porosity.  They  all  failed.  The  object  of  the  enterprise  and 
the  whole  manner  of  conducting  the  experiments  were  so  novel  to  me  that  I  spwit 
several  weeks  with  Gamgee  helping  him  in  any  way  I  could.  After  a  series  of  experi- 
mental failures  he  one  day  said  to  me,  'Ritchie,  did  you  ever  notice  the  meteorite! 
at  the  Smithsonian  Institution?  I  want  you  to  go  with  me  and  see  them.*  I  told 
him  that  I  had  many  times  seen  them  and  knew  just  how  they  looked.  He  said,  'Well, 
we  have  no  metallic  iron  on  earth  produced  by  nature  in  that  form,  and  these  meteors 
have  all  fallen  from  the  skies,  or  have  come  from  some  other  world.  They  nearly  aU 
contain  nickel  and  are  the  closest  grained  metal  we  have.  To-morrow  we  will  send 
over  to  Philadelphia  and  get  some  nickel  and  we  will  try  this  metal  as  an  alloy  with 
iron,  and  see  if  we  can  imitate  nature  in  duplicating  the  meteorite,  aa  we  are  trying 
to  imitate  nature  in  the  production  oi  «^T\>\5ni\«A.  eold  for  the  yellow  fever  patients.' 
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''We  did  send  over  and  get  some  nickel  and  at  once  commenced  our  experiments 
by  adding  one-half  of  one  per  cent,  of  nickel  to  the  molten  iron  in  the  crucible,  and 
increasing  each  separate  mixture  by  an  additional  one-half  of  one  per  cent,  of  nickel, 
until  a  limit  of  thirty-six  per  cent,  of  nickel  as  an  alloy  with  the  iron  had  been  reached. 
We  thus  had  some  seventy-two  separate  pieces  of  iron  and  nickel  alloys  all  carefully 
marked.  When  an  alloy  containing  some  eight  per  cent,  of  nickel  had  been  made  we 
tested  it,  as  we  really  did  all  the  other  specimens,  but  I  particularly  recall  that  con- 
taining eight  per  cent,  of  nickel.  It  was  so  hard  that  neither  the  file  nor  the  cold 
chisel  would  affect  it.  We  put  it  upon  the  anvil,  and  with  a  ten-pound  sledge  I  ex- 
pected to  be  able  to  break  it  into  pieces,  but  although  I  then  had  seventy-five  pounds 
less  flesh  than  I  now  have,  and  several  times  as  much  muscle,  I  could  not  even  mark  the 
alloy  with  the  heaviest  blow  I  could  strike  with  this  ten-pound  sledge,  not  to  talk  about 
breaking  it.  After  we  had  made  many  tests  with  the  several  different  percentages 
of  the  alloys,  Gamgee  threw  up  his  hands  and  shouted,  'Eureka !  I  have  found  at  last 
an  alloy  strong  enough  and  hard  enough  to  resist  anything  and  close  enough  in  texture 
to  resist  the  escape  of  any  form  of  gas.'  The  members  of  the  Senate  committee  were 
again  brought  back  to  the  Navy  Yard  to  see  these  specimens  of  nickel  alloy.  The  way 
now  seemed  clear  for  Gamgee  to  secure  his  promised  $250,000  and  to  proceed  with  the 
building  of  his  refrigerator  ship  which  would  be  used  as  a  hospital  ship  for  the  cure 
of  yellow  fever  patients. 

"Gamgee,  like  most  abnormally  developed  geniuses,  had  no  place  in  his  make-up 
for  such  humdrum  routine  efforts  as  financial  operations.  In  short,  he  had  no  other 
financial  abilty  than  the  abilty  to  get  into  debt  without  any  ability  to  get  out  of  debt. 
He  never  even  took  out  any  patents  upon  these  alloys  of  nickel  and  iron  and  steel. 
He  failed  to  agree  with  the  Senate  committee  on  the  cost  and  management  of  his 
proposed  ship,  and  thus  failed  to  secure  the  $250,000  appropriation.  In  the  language 
of  diplomacy,  the  incident  was  closed,  and  I  lost  sight  of  Gamgee,  and  all  the  interest- 
ing experiments  and  experience  passed  out  of  my  mind. 

"All  this  was  seven  years  before  I  had  ever  seen  Canada. 

Opening  the  Sudbury  Field 

"In  1882  I  became  interested  in  building  the  Central  Ontario  Railway  to  open  up 
and  develop  the  iron  fields  of  North  Hastings.  When  the  road  was  built  it  was  found 
that  these  iron  ores  contained  so  much  sulphur  as  to  be  unmarketable,  and  I  commenced 
a  systematic  search  for  other  mineral  deposits,  which,  under  the  terms  of  the  charter 
of  the  railway,  the  railway  could  own  and  operate  Jind  by  such  conveyance  of  property 
I  might  support  and  protect  the  securities  of  the  railway. 

"In  this  effort  to  secure  something  for  the  railway  I  had  a  considerable  search 
of  the  country  made  by  the  local  inhabitants  and  others  from  Nova  Scotia  to  Port 
Arthur.  I  went  to  the  Geological  Museum  at  Ottawa  and  examined  specimens  of  every 
kind  of  ores  from  every  part  of  the  country.  Among  the  many  specimens  examined 
at  this  museum  I  found  some  copper  ores  taken  from  a  cut  in  the  Algoma  Branch  of 
the  Canadian  Pacific  Railway  at  what  is  now  Worthington  Station,  and  other  speci- 
mens taken  from  a  cut  in  the  main  line  of  the  Canadian  Pacific  Railway  at  what  is 
now  known  as  the  Murray  mine,  about  threo  miles  west  of  Sudbury.  These  samples  I 
had  analysed  and  found  them  very  rich  in  copper. 

"I  at  once  proceeded  to  have  these  deposits  located.  While  so  doing  I  found  that 
W.  B.  McAllister  and  J.  H.  Metcalf  of  Pembroke,  Ontario,  had  located  and  taken 
up  a  number  of  these  deposits  in  this  Sudbury  mineral  belt.  Among  these  was  what 
is  known  as  the  Copper  Cliff  mine,  the  Stobie  mine,  the  Lady  Macdonald  mine,  the 
Mc Arthur  mine  and  the  Creighton  mine,  the  latter  not  at  that  time  yet  deeded  to  them, 
and  several  other  deposits  not  named.  With  the  exception  of  a  small  mine,  known 
as  the  Evans  mine,  and  a  little  ore  taken  from  what  is  known  as  the  Frood  rcvvT^^^ 
which  I  purchased  shortly  after  the  purchase  made  irom  "MlcKVWs^ftx  ^.-lA  "^^^xi^^^^Ottssfe 
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mines  thus  purchased  from  McAllister  and  Metcalf  in  the  summer  of  1885  hare  fur- 
nished all  the  ore  mined  by  the  Canadian  Copper  Company  from  1886  to  this  day,  and 
are  still  their  sole  source  of  supply. 

''Immediately  after  the  purchase  of  these  mines,  or  rather  deposits,  from  McAllister 
and  Metcalfy  in  1885,  and  some  other  properties  from  indiyiduals,  in  1886,  indading 
some  purchased  from  Rinaldo  McConnell,  James '  Stobie  and  R.  J.  Toagh,  I  made 
application  to  the  Ontario  Government,  through  J.  D.  Evans,  the  engineer  of  the 
Central  Ontario  Railway,  for  large  additional  locations.  Under  this  application  Mr. 
Evans  located  97,000  acres;  hcwever,  those  who  were  afterwards  associated  with  me 
did  not  agree  with  me  in  keepinjz:  this  area  of  land,  but  wished  it  to  lapse,  which  it 
was  allowed  to  do. 

"In  January  1886,  I  organized  at  Cleveland,  Ohio,  under  Ohio  charters,  two 
corporations,  one  known  as  the  Canadian  Copper  Company  with  a  capital  of  $2,000,000, 
later  increased  to  $2,500,000,  and  the  other  known  as  the  Anglo-American  Iron  Company 
with  a  capital  of  $5,000,000. 

''To  the  Canadian  Copper  Company  my  wife  and  self  deeded  the  lands  pnrchiaed 
from  McAllister  and  Metcalf,  Rinaldo  McConnell  and  others,  and  to  the  Anglo  American 
Iron  Company  the  late  James  McLaren,  the  late  H.  B.  Payne  of  Cleveland  and  my 
wife  and  self  deeded  the  85,000  acres  of  land  along  the  line  of  the  Central  Ontario 
Railway,  and  for  the  opening  up  and  development  of  which  the  Central  Ontario  Railway 
was  built.  The  interest  of  the  late  William  Coe  of  Madoc  in  these  Hastings  county 
lands  was  conveyed  to  the  Anglo-American  Iron  Company  at  a  little  later  date. 

Discovering  the  Nicicei 

"In  1886  some  work  was  done  upon  the  property  of  the  Canadian  Copper  Company 
at  Copper  Cliff,  and  in  1887  a  shipment  of  some  1,200  tons  of  this  ore  was  made  to 
the  works  of  the  Orford  Copper  Company  at  Constable  Hook,  New  Jersey,  in  the 
harbor  of  New  York.  While  the  chemist  of  the  Orford  Company  was  making  his 
analysis  of  the  product  of  the  furnaces  from  these  ores  he  found  a  metal  with  which 
he  was  not  familiar,  and  after  numerous  tests  he  found  this  substance  to  be  nickel. 
I  happened  to  be  in  the  laboratory  when  this  discovery  was  made.  Robert  M.  Thompson, 
the  president  and  owner  of  these  works,  was  also  there.  The  discovery  of  this  nickel 
in  these  ores  by  the  chemist  of  the  Orford  Copper  Company  was  alike  unexpected 
news  to  both  Thompson  and  myself.  We  had  no  suspicion  that  they  were  anything  bat 
copper  ores.  This  discovery  changed  the  whole  situation.  We  found  we  had  a  great 
nickel  deposit,  instead  of  a  great  copper  deposit,  or,  to  be  more  correct,  we  had  a 
great  nickel  and  copper  deposit.  As  the  world's  annual  consumption  of  nickel  was 
then  only  about  1,000  tons,  the  question  was  what  was  to  be  done  with  all  the  nickel 
which  these  deposits  could  produce  I  at  once  recalled  the  experience  I  had  with  John 
Gamgee  at  the  Navy  Yard  at  Washington,  ten  years  previous  to  this  time,  and  it 
occurred  to  me  that  nickel  could  be  used  with  success  in  the  manufacture  of  gnns 
and  for  many  other  purposes  as  an  alloy  with  iron  and  steel.  I  wrote  to  the  famous 
gun  maker,  Krupp,  at  Essen,  Germany,  telling  him  of  the  Washington  experiments, 
and  asking  him  about  his  use  of  it  in  the  guns  which  he  made.  I  received  an  answtf 
from  him  through  his  New  York  agents  treating  the  matter  lightly,  and  refasing  to 
believe  that  there  was  any  sufficient  quantity  of  nickel  in  the  world  to  warrant  experi- 
ments looking  to  any  extended  use  of  the  metal.  The  question  of  these  alloys  was, 
however,  brought  by  Krupp,  or  someone  representing  him,  to  the  attention  of  the 
Iron  and  Steel  Institute  of  Great  Britain,  and  that  Institnte  appointed  one  of  it> 
members,  James  Riley,  the  manager  of  the  Steel  Company  of  Glasgow,  to  conduct  a 
aeries  of  experiments  with  this  alloy,  and  report  at  the  next  meeting  of  the  Institiite. 
This  he  did  with  great  care  and  exactness,  and  embodied  his  exi>eriment8  in  a  report 
dated  in  May,  1889.  This  report  I  showed  to  General  Tracy,  then  Secretary  of  the 
United  States  Navy,  in  tVie  summit  oi  \^^,  \\xs^.  %&  I  was  leaving  for  Europe.    He  read 


Appendix 


the  report  atnd  srasped  its  far  reaching  importanee  within  an  hoar  cr  two  after  receiving 
it.  and  said  that  the  Nav?  Department  wished  to  send  an  expert  representative  of  the 
QoTerameDt  with  me  to  any  and  to  all  places  which  I  might  visit  in  Europe  in  the  interest 
of  this  nickel-el<«l  alloy.'**  As  I  was  going  to  Europe  for  (hat  purpoec,  Lieutenant  B. 
H.  fiuckingham  of  the  U.  S.  Nary,  then  connected  with  the  o£Boe  of  the  IT.  S.  Am- 
baasador  at  London,  was  appointed  to  accompany  us  wherever  we  might  go  in  Europe 
in  thia  iDt«reat.  Sir  Charles  Tupper,  then  the  Canadian  High  Commissioner  in  London, 
waa  also  designated  by  Sir  John  A.  Macdonald  to  accompany  ob  in  the  interest  of 
Canada  in  this  enterprise  to  find  out  whatever  might  be  learned  in  Europe  about  the 
nses  and  the  alloys  of  nickel  with  steel.  Sir  Charles  Tupper  and  Lieutenant  B.  H. 
Bnokingham  of  the  U.  S.  Navy  did  go  with  us  to  visit  the  works  of  Empp  in  Germany 
and  the  principal  establishments  of  Great  Britain  and  France,  and  the  famous  Bio 
Tinto  mines  of  Spain.  Sir  Charles  made  a  report  to  Sir  John  A.  Maodoaald,  and 
Lientenant  Buckingham  made  a  report  to  the  Secretary  of  the  United  States  Navy  of 
what  we  had  been  able  to  see  and  find  out.  We  spent  two  days  in  the  works  of  Krupp 
at  Essen,  and  were  shown  every  possible  courtesy.      Upon  our  return   Secretary  Tracy 


Genl.  B.  F.  Tracy,  vrhn  introduced  nic'ke1-sl*el  a 
ordered  i 


r  plate  into  the  I'nited  Slates  Navy. 


k  nickel-steel  armor  plate  made  at  the  famous  Creusot  works  in  France,  and 
%  plain  steel  plate  made  at  the  same  works,  and  a  plain  steel  plate  made  at  the 
works  of  Gammel  &  Company  at  Sheffield,  England,  such  as  was  then  used  on  British 
Teasels  of  war.  These  plates  were  brought  to  the  Goveroment  proving  gronnda  at 
Annapolis,  Maryland,  and  set  up  side  by  side  and  fired  at,  at  short  range,  by  eight-inch 

"The  vietory  of  the  French  nickel-steel  plate  w^is  so  complete  over  both  the  Frendi 
and  English  plain  steel  platea  that  the  trial  and  testa  were  heralded  by  telegraph  and 
cables  all  ovtx  the  civilised  world. 
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''Tracy,  by  this  Goyernment  test,  sent  all  the  common  steel  armor  plates  to  the 
junk  heap,  and  completely  reyolutionised  the  offensive  and  defensire  efficiency  of  ths 
navies  of  the  world.  Scarcely  had  the  sound  of  the  guns  at  Annapolis  died  away  before 
Congress  in  an  hour,  at  the  request  of  the  Secretary  of  the  Navy,  General  Tracy,  voted 
an  appropriation  of  $1,000,000  to  purchase  nickel  matte  at  Sudbury  to  be  used  in  the 
manufacture  of  nickel-steel  armor  plate  for  the  U.  S.  Navy.  This  million  dollar 
appropriation  by  the  U.  S.  Grovernment  and  the  use  of  nickel  in  steel  advertised  the 
Sudbury  mines  over  all  the  commercial  world.  It  saved  the  Canadian  Copper  Company 
from  the  expense  of  making  any  tests  of  nickel  alloys,  for  they  were  all  made  by  the 
Government.  In  short,  the  Government's  action  through  the  Secretary  of  the  Navy 
put  a  new  enterprise  upon  its  feet.  The  Grovernment  changed  the  then  existing  contracts 
with  the  Bethlehem  Steel  Company  from  plain  steel  plates  to  nickel-steel  plates.  It 
entered  into  contracts  with  the  Carnegie  Steel  Company  for  the  manufacture  of  nickel- 
steel  plates  under  which  contracts  millions  of  dollars  were  expended  in  building  the 
famous  Homestead  woiks.  The  small  experiments  in  the  Washington  Navy  Yard  in 
1876  have  grown  to  the  proportions  of  covering  every  first-class  wai;  ship  in  the  navies 
of  the  world. 

The  International  Nickel  Company 

''On  December  7th,  1901,  an  optional  contract  was  entered  into  between  four  of 
the  directors  of  the  Canadian  Copper  Company  and  the  Anglo-American  Iron  Company 
and  Robert  M.  Thompson  on  behalf  of  himself  and  associates,  the  associates  being 
Captain  DeLamar,  £.  C.  Converse  and  Charles  M.  Schwab,  under  which  contract  the 
directors  of  the  Copper  and  Iron  Co's  undertook  to  sell,  and  Thompson  and  his 
associates  undertook  to  buy,  a  controlling  interest  in  the  stocks  of  these  two  companies. 
It  was  a  part  of  this  contract,  that  Thompson  and  his  associates  should  form  a  company 
under  the  laws  of  New  Jersey  to  be  known  as  the  International  Nickel  Company,  and 
that  this  company  should  receive  from  the  purchasing  syndicate  the  stocks  of  the 
Canadian  Copper  Company  and  the  Anglo-American  Iron  Company  purchased  under 
this  optional  contract  of  Dec.  7,  1901,  which  optional  contract  was  accepted  by  Thompson 
and  his  associates  on  February  28,  1902.  The  stocks  of  these  corporations  turned  over 
by  the  purchasing  syndicate  were  deposited  with  the  New  York  Security  and  Tmrt 
Company  as  a  basis  for  the  issuance  of  the  bonds  of  the  International  Nickel  Company. 
I  should  perhaps  have  said  that  in  carrying  out  this  contract  of  Dec.  7,  1901,  the 
International  Nickel  Company,  under  a  New  Jersey  charter,  was  organized  under  date 
of  April  1st  1902,  with  a  share  capital  cf  $24,000,000,  and  a  bonding  privilege  of 
$12,000,000. 

"A  mortgage  was  executed  by  the  International  Company  under  date  of  April 
1st,  1902,  securing  the  bonds  of  the  company  upon  the  stocks  of  the  constituent  com- 
panies deposited  with  the  New  York  Security  and  Trust  Company,  who  were  the 
trustees  for  the  bondholders  of  the  International  Company.  The  Nickel  Syndicate  also 
purchased  the  stocks  of  the  Nickel  Corporation  of  London,  a  New  Caledonia  concern, 
and  one  of  Whitaker  Wright's  enterprises,  and  also  the  stock  of  another  small  French 
company,  known  as  the  Societe  Mini^re  Caledonienne.  The  aggregate  of  all  the  stocks, 
Canadian  and  New  Caledonian,  with  the  stocks  of  the  Orford  Copper  Company,  and  the 
stock  of  Joseph  Wharton's  small  plant  at  Camden,  near  Philadelphia,  amounting  to 
about  $10,000,000,  were  deposited  with  the  New  York  Security  A  Trust  Company,  and 
$10,300,000  of  the  authorized  $12,000,000  of  bonds  and  $18,000,000  of  the  authorised 
$24,000,000  of  stock  of  the  International  Nickel  Company  were  issued  against  these 
stocks  thus  deposited  with  the  Trust  Company.  The  stocks  of  all  the  constituent  com- 
panies belong  to  the  International  Nickel  Company.  The  New  Caledonia  companies  are 
not  and  have  not  been  operated  by  the  International  Nickel  Company.  No  report  i» 
made  of  them  in  the  reports  of  that  Company. 

The  Canadian  Conpor  C-^mpanv  now  rwns  some  16.000  acres  of  land  and  the  Anglo- 
American  Iron  Co.  some  85,000  acres.  TVv^  International  Company  operates  in  Cansdi 
^hoUv  through  the  constitvent  compa-mes. 
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"Neither  Gamgee  nor  any  other  man  inyented  nickel-steel.  It  is  a  disoovery,  not 
an  inrentiony  and  it  is  probably  the  only  instance  in  this  world  where  any  form  of 
manufaotare  is  carried  on  after  a  formula  coming  from  the  heavens  or  some  other 
world  other  than  our  own. 

''There  is  a  yery  beautiful  specimen  of  nickel-iron  meteorite  in  the  Geological 
Museum  at  Ottawa^  weighing  about  400  lbs.  It  contains  something  orer  six  per  cent. 
of  nickel,  and  was  found  on  a  farm  in  Hastings  county,  and  for  years  was  used  by  some 
nntidy  farmer  to  hold  his  barn-door  closed.  It  never  occurred  to  this  farmer  that 
this  lump  of  metal  was  a  manufiaoture  of  the  skies.  I  have  several  times  offered  $600 
for  this  meteorite,  but  of  course  the  Museum  would  not  sell  it.  Perhaps  I  ought  to 
add  that  as  soon  as  Riley's  report  had  been  read  by  Secretary  Tracy  in  1889  and  I  had 
given  him  a  r^ort  of  the  experiments  at  the  Navy  Yard  in  1876,  he  put  the  whole 
machinery  of  the  Department  at  work  ov«r  the  United  States  and  Europe  to  find 
Ckungee.  I,  myself,  while  in  Europe,  had  the  directories  of  all  the  principal  cities 
of  Great  Britain  examined,  but  neither  the  Navy  Department  nor  myself  could  find 
him.  About  a  year  later  I  was  in  the  second-hand  bookstore  at  Washington,  owned  by 
H.  W.  Lowdermilk,  a  place  where  Gamgee  formerly  spent  much  time,  and  I  told  the 
proprietor  of  the  efforts  of  the  Navy  Department  and  myself  to  find  Gamgee,  and  that 
we  had  concluded  that  he  must  be  dead.  He  said  he  was  not  dead,  and  gave  me  his 
address  in  London  which  was  within  half  a  block  of  the  office  of  the  Oanadian  High 
Commissioner.  I  then  wrote  to  him  and  received  two  or  three  letters  from  him.  Ha 
was  still  in  the  field  of  invention,  experiment  and  discovery.  If  there  had  been  earlier 
laboratory  tests  or  experiments  with  nickel  and  steel  than  those  of  the  Washington 
Navy  Yard  in  1876,  neither  Gamgee  nor  myself  knew  an]rthing  about  them.  We  fol- 
lowed the  meteorite  and  there  is  not  the  shadow  of  a  doubt  that  the  reconstruction 
of  the  American  navy,  clad  with  nickel-steel  armor  plates,  was  the  direct  result  of 
these  Washington  Navy  Yard  experiments  following  the  formula  of  the  meteorite, 
although  the  experiments  were  farther  carried  out  by  the  Iron  and  Steel  Institute  of 
Great  Britain  under  the  direction  of  James  Riley  ten  or  twelve  years  later.  Gamgee 
is  now  dead,  but  General  Tracy  is  alive  and  well,  and  I  have  no  doubt  would  fully 
confirm  every  statement  here  made. 

"Whatever  might  have  been  the  ultimate  development  and  outcome  of  the  Sudbury 
nickel-copper  deposits  in  other  hands,  and  by  other  parties,  one  thing  is  very  certain, 
that  had  it  not  been  for  the  development  of  sulphur  in  the  Hastings  county  iron  ores, 
which  made  them  unsaleable,  thus  depriving  the  Central  Ontario  Railway  of  the 
principal  tonnage  which  it  was  built  to  carry,  there  never  would  have  been  any 
Oanadian  Copper  Company  or  any  Anglo-American  Iron  Company,  or  any  International 
Nickel  Company,  and  as  the  Washington  Navy  Yard  experiments  with  nickel,  iron 
and  steel  following  the  formula  of  the  meteorite  had  already  passed  out  of  mind  before 
the  discovery  of  nickel  in  the  Sudbury  ores,  there  would,  in  all  human  probability, 
have  to-day  been  no  nickel-steel  clad  American  navy,  and  this  would  mean  that  there  . 
would  have  been  no  nickel-steel  clad  navy  in  the  world.  From  the  sulphur  in  iron 
ores  in  Hastings  county,  Ontario,  aided  by  the  composition  of  the  meteorite,  has  grown 
all  the  nickel  and  nickel-steel  industry  of  this  hemisphere  as  well  as  very  much  cf  like 
industries  in  the  old  world." 

Mr.  Qamgee's  Recollections 

A  letter  from  Mr.  Gamgee  to  Mr.  Ritchie  m  reply  to  a  communication  from  the 
latter  gives  some  further  details  regarding  the  early  experiments  carried  on  in  the 
Navy  Yard  at  Washington.    It  is  dated  London,  March,  1893: 

•*S.  J.  Ritchie,  Esq.,  Dear  Sir:  I  have  to  thank  you  for  your  kind  letter  of  the 
28th  of  February,  which  duly  reached  me  this  morning.  I  have,  of  course,  noticed 
with  interest  the  progress  made  in  utilizing  the  iron  and  nickel  alloy. 

"The  difficulties  we  encountered  in  the  castings  for  the  ammonia  engines  wcA 
pumps  at  the  Washington  Navy  Yard,  in  spite  of  the  sk\\\^  ^otVotlctv  vdl  ^<iv  \wsxAti  > 
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led  to  various  devices  to  overcome  the  porosity  of  the  metal,  and  one  day  I  was  mudi 
surprised  at  seeing  pure  tin  run  into  some  large  blow  holes.  The  loss  incurred  from 
having  to  discard  cylinders  on  which  much  work  had  been  expended  suggested  to  me 
that  some  more  rational  and  scientific  method  of  providing  a  sound  metal  should  be 
attempted.  Suddenly  the  compactness  and  solidity  of  meteoric  iron  struck  me,  and 
I  determined  on  trying  very  small  proportions  of  nickel,  beginning  with  one  per  cent, 
up  to  three  per  oent.  Large  quantities  rendered  the  metal  too  hard  for  the  tools,  and 
we  resorted  to  the  process  of  annealing,  in  some  cases.  With  the  advantage  of  testing 
machines  of  the  Navy  Yard  we  soon  determined  that  we  could  double  the  tensils 
strength  of  the  best  cast  iron,  and  perhaps  you  know  how  how  we  had  to  secure  uni- 
formity of  the  alloy.  We  attempted  to  melt  the  nickel  in  lumps  in  the  melted  iron 
as  it  ran  from  the  cupola,  and  the  resultant  casting  was  of  unequaled  hardness,  tools 
being  broken  when  striking  against  a  knob  of  the  nickel  that  had  not  been  melted. 
We  therefore  first  melted  the  nickel  in  a  crucible  and  I  shall  never  forget  the  effeofc 
as  seen  in  our  first  trial  of  dropping  the  small  proportion  of  melted  nickel  into  the 
ladle.  The  surface  of  the  melted  mass  became  covered  with  particles  of  dirt  or  dron, 
which  was  skimmed  off,  leaving  a  perfectly  pure  mass,  which  we  ran  into  moulds,  and 
yielded  castings  that  readily  resisted,  on  testing,  very  heavy  hydraulic  pressure.  I 
regret  that  I  had  no  opportunity  of  introducing  the  metal  for  other  purposes,  but  the 
experiments  were  so  public  and  excited  so  much  interest  in  the  Navy  Yard  that  I  am 
not  altogether  surprised  to  find  that  at  least  some  one  turns  up  to  give  me  credit  for 
the  suggestion.  , 

"We  rolled  some  plates,  and  many  experiments  were  made  with  various  quantities 
of  nickel  to  obtain  a  metal  that  would  not  rust.  I  regret  that  I  lost  my  original  notes, 
but  it  is  somewhat  strange  that  the  fact  of  the  first  experiments  having  been  oondacted 
by  me  in  the  Washington  Navy  Yard  has  never  before  been  noticed,  as  there  should  be 
records  by  the  officers  who  had  charge  of  the  Ordnance  Department  and  testing  machines. 

"I  have  used  the  metal  from  time  to  time  since,  and  one  firm  of  ammonia  machine 
makers  in  America  have  continued  to  make  nickel-iron  castings  since  I  first  introduced 
them  in  my  methods  in  1880.  I  am  now  deeply  engaged  with  the  final  results  of  15 
years'  labor  in  reaching  the  autcmatic  condensation  of  all  vapors.  By  this  means  I  can 
run  ice  machines  without  using  condensing  water,  and  dispensing  almost  entirely  with 
fuel.  I  am  building  a  low  temperature  engine  which  will  demonstrate  the  soundness 
of  the  views  I  entertained  in  the  days  when  you  remember  me  working  in  the  States, 
and  which  were  derided  except  by  that  most  able  of  chief  engineers,  Mr.  Isherwood, 
and  a  few  other  choice  spirits.  I  am  running  steam  engines  working  steam  at  21S^ 
Fahrenheit,  as  stated  in  the  circular,  and  I  would  give  almost  anything  for  more  help 
and  intelligent  co-operation  in  the  States  and  Canada.  I  sadly  need  help.  My  experi- 
ments have  been  costly  and  protracted,  and  whilst  there  is  abundant  ground  for  hope 
now  at  a  good  turn  in  affairs,  yet  I  can  assure  that  it  is  not  easy  to  overcome  the 
prejudices  of  the  engineers  arywhere.  Might  I  ask  in  what  position  you  are  in  the 
Navy  Yard,  and  how  you  came  to  know  so  much  of  my  wandering?  I  shall  be  glad 
to  hear  from  you  again  at  your  earliest  convenience,  and  remain,  yours  faithfully, 
John  Gamgee." 

''[Note. — The  Gamgee  experiments  at  the  Navy  Yard  were  not  carried  on  under 
any  inspection  or  oversight  on  the  oart  of  the  government,  and  therefore  the  Nav} 
Department  kept  no  records  of  them,  as  the  superintendent  of  the  yard  informed 
me,  when  I  went  to  hunt  up  the  records  of  these  experiments  and  tests,  in  1887.— 
S.  J.  R."] 

Sir  Charles  Tapper's  Report 

The  report  of  Sir  Charles  Tupper,  referred  to  by  Mr.  Ritchie,  giving  the  results 

of  his  investigations  into  the  use  of  and  probable  demand  for  nickel  in  Great  Britain 

and  continental  Europe,  is  interesting  enough  to  warrant  its  being  published  in  foU. 

Sir  John  A.   Macdonald's  letter  inttodwdxi^  "Mi.  Ritchie,  which  is  also  given,  shows 
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that  even  at  this  early  stage  he  recognized  the  importance  hoth  to  Canada  and  the 
empire  at  large  of  the  Sudbury  nickel  deposits.  Unfortunately  his  hopes  of  interesting 
the  Imperial  authorities  in  the  matter  were  not  destined  to  be  realised.  Sir  John's 
letter  to  Sir  Charles  is  dated  11th  July  1889 : 

''My  Deab  Sir  Charles  Tuppbr:  Our  friend  S.  J.  Ritchie,  of  Akron,  Ohio,  whom 
you  know,  is  about  to  proceed  to  England  for  the  purpose  of  calling  the  attention  of 
the  British  public  to  our  mineral  wealth  in  Canada.  He  desires  especially  to  submit 
to  Her  Majesty's  Government  the  important  fact  that  in  Canada,  especially  in  the  region 
of  Sudbury,  is  the  largest  deposit  of  nickel  in  the  world.  This  metal  is  wanted  par- 
ticularly as  an  alloy  to  make  an  important  gun  metal,  and  its  extended  use  will  be  of 
great  advantage  to  the  Dominion.  Will  you  kindly  put  Mr.  Ritchie  in  communication 
with  the  Secretary,  both  of  the  Army  and  Navy,  as  well  as,  if  necessary,  with  Ijord 
Salisbury.  It  is  said  that  the  use  of  nickel  will  tend  to  revolutionise  the  art  of  gun- 
making,  and  that  experiments,  both  in  England  and  Germany  have  proved  this  to  be 
the  fact,  so  you  see  the  importance  of  the  matter.  I  hope  you  will  give  Mr. 
Ritchie  all  the  aid  and  countenance  in  your  power.  Believe  me,  yours  very  truly, 
John  A.  Maodomald." 

Fcllowin^  is  Sir  Charles*  report,  dated  London,  November  1889: 
"To  Sir  John  A.  Macdonald,  Premier,  Ottawa.  My  Dear  Sir:  On  the  20th  of 
August  last  Mr.  S.  J.  Ritchie  brought  a  letter  from  you  to  me  requesting  me  to  aid 
him  in  bringing  to  the  notice  of  the  British  War  and  Navy  officers  the  importance  of 
the  recent  discovery  in  metallurgy  consisting  of  an  alloy  of  nickel  and  steel  said  to  have 
very  valuable  properties  for  the  manufacture  of  guns  and  armor-plates  for  warships. 
He  also  had  letters  from  the  Secretary  of  the  Navy  at  Washington  addressed  to  the 
American  Minister  here  requesting  his  good  offices  in  the  same  direction.  He  likewise 
had  letterp  from  the  Commodore  of  the  United  States  Navy  directing  the  naval  attache 
of  the  American  legation  here  to  accompany  him  to  all  places  he  might  visit  in 
Europe  and  to  investigate  the  progress  and  results  thus  far  obtained  from  the  ase 
of  this  metal.  He  asked  me  to  accompany  him  and  to  see  for  myself  the  importance  not 
only  of  this  metal  but  of  the  whole  iron,  steel,  copper  and  nickel  interests,  and  to  see 
thd  mines  and  the  ores  from  which  they  are  manufactured,  as  he  said  they  would 
visit  the  largest  mines  and  manufactures  of  the  world. 

"In  ccmplianct  with  this  request  I  left  London  on  the  24th  of  August  in  company 
with  Mr.  Cornell,  Mr.  Oviatt,  Mr.  Ritchie  and  Captain  Buckingham,  the  representative 
of  the  United  States  Navy.  We  proceeded  to  Paris,  which  is  the  headquarters  of  the 
New  Caledonia  Nickel  Company.  This  company  has  up  to  the  present  time  produced 
nearly  all  the  nickel  consumed  in  the  market  of  the  world,  and  of  course  has  entirely 
regulated  the  market  for  this  article.  The  Society,  as  it  is  called  in  France,  is  known 
as  'Lo  Nickel.'  It  is  a  corporation  with  $12,500,000  capital.  They  employ  1,450  men, 
they  reduce  the  ores  upon  the  ground  to  a  matte.  They  are  then  shipped  to  Havre 
in  France,  to  Birmingham  in  England,  to  Glasgow  in  Scotland,  and  to  Iserlohn  in 
Westphalia,  Germany,  at  each  of  which  places  the  company  have  refining  furnaces  for 
the  treatment  of  these  mattes  and  converting  them  into  fine  nickel.  The  ores  contain 
no  other  valuable  mineral  than  nickel.  The  company  produce  cobalt,  but  this  is 
principally  obtained  from  ores  containing  but  little  nickel,  the  ores  are  not  easily 
reduced  or  refined,  and  it  is  said  that  the  cost  of  producing  fine  nickel  to  them  is 
forty  cent3  per  pound.  We  called  upon  this  company  at  their  office  in  Paris  and  found 
them  quite  unwillinir  to  believe  that  there  were  any  nickel  deposits  in  the  world  outside 
of  their  jwn  of  any  importance  They,  however,  wanted  the  Canadian  Copper  Company 
to  agree  to  let  them  have  tin?  control  of  their  entire  product.  These  mines  beMnjr 
almost  wholly  to  the  Rothschilds.  A  Frenchman  of  the  name  of  H.  Marbeau  is  the 
patentee  of  the  alloy  know?,  as  ferro-nickel.  It  is  a  composition  varying  from  one  to 
twenty  per  cent,  of  nickel  with  steel  or  iron;  usually  about  three  per  cent,  of  niokAl 
is  used. 
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"A  company  has  been  formed  in  Paris  under  the  name  of  the  Terro-NicM  Com- 
pany' for  the  manufacture  of  this  material.  The  patentee  Marbeau  is  its  president. 
The  real  owners  are  probably  the  Creusot  works  located  at  Creusot  in  France,  and 
owned  by  Schneider  &  Company.  This  establishment  is  to  France  what  Krupp  is  to 
Germany.  They  are  a  great  establishment,  employing  oyer  16,000  men.  We  abo 
called  upon  the  Ferro-Nickel  Society  at  their  office  and  saw  their  product  at  their 
salesrooms.  We  found  the  president  enthusiastic  over  his  discovery,  and  the  wonderful 
results  he  has  been  able  to  produce.  He  was  much  elated  over  the  discoyery  of  a  nev 
and  large  body  of  nickeliferous  ore  and  pressed  the  members  of  the  Canadian  Copper 
Company  who  were  there,  in  the  strongest  possible  manner,  to  give  their  company  sole 
control  of  their  product;  said  that  they  could  use  it  to  any  extent  to  which  it  might  be 
produced  as  an  alloy  with  steel.  The  Canadian  Company,  however,  declined  in  either 
case  to  make  any  contracts  with  either  the  Nickel  or  Ferro-Nickel  Companies. 

''From  Paris  we  went  to  Hamburg  in  Germany  to  which  point  the  Sudbury  Oompany 
had  shipped  some  of  their  product.  Parties  from  Vienna,  who  are  largely  engaged 
in  the  manufacture  of  nickel  came  to  this  place  to  meet  us  in  connection  with  the 
Hamburg  people.  They  wanted  to  contract  with  the  Sudbury  people  for  a  period  of 
ten  years  for  the  delivery  of  a  large  amount  each  year.  They  offered  to  buy  the  matte 
as  now  produced  at  Sudbury  and  to  erect  refining  works  at  Hamburg  for  the  refining 
of  the  nickel  and  copper  contained  in  them.  They  pressed  the  matter  very  earnestly. 
These  people  own  the  largest  manufactory  of  German  silver-ware  there  is  in  Europe, 
their  works  are  located  at  Berndorf.  Both  the  Hamburg  and  Vienna  people  offered  to 
send  a  Mr.  Krupp,  who  is  one  of  their  firm,  and  a  nephew  of  the  great  gun-maker,  to 
see  the  property,  and  learn  if  some  arrangements  could  not  be  made  by  which  they 
could  become  identified  in  the  ownership  of  these  properties.  It  is  likely  this  visit  ^ill 
be  made  in  the  spring. 

''From  Hamburg  we  all  went  to  Berlin.  The  nickel  works  at  that  place  were  t 
small  affair  and  we  saw  little  of  their  working  owing  to  the  secrecy  which  is  everywhere 
observed  in  the  refining  of  this  metal. 

"Frem  Berlin  we  went  to  Essen  where  are  located  the  great  works  of  Friedrich  Krupp. 
These  are  the  largest  iron  works  in  the  world  and  are  under  the  sole  control  and  owner- 
ship of  one  man — Friedrich  Krupp.  These  works  were  started  by  his  father,  who  died  a 
year  or  two  ago,  in  a  very  small  way  with  only  three  or  four  men.  The  present  owner 
now  employs  in  the  various  departments  of  his  great  works,  and  in  the  coal  and  iron 
mines  connected  with  them,  22,000  men,  and  one  of  the  superintendents  of  the  works 
informed  us  that  these  employees  represented  a  population  of  more  than  106,000  per- 
sons. He  remarked  that  they  were  very  rich  in  children.  These  works  are  not  only 
the  largest  gun  manufactory  in  the  world,  but  are  also  extensive  manufacturers  of 
steel  rails,  steel  tires  for  locomotives  and  car  wheels;  the  best  wheels  used  by  the 
Canadian  Pacific  Railway  and  by  the  Pullman  Company  are  made  here.  It  wonW 
cover  many  pages  to  describe  these  great  works.  They  are  generally  regarded  as  very 
difficult  of  access.  In  fact,  very  few  people  are  able  to  get  inside  the  works  at  aH 
We,  however,  found  no  trouble.  Two  superintendents  of  different  parts  of  the  worfa 
met  us  at  the  hotel  and  gave  up  two  days  showing  us  over  as  much  of  the  great  pUot 
as  we  were  able  to  travel  in  that  time.  The  managers  were  somewhat  reserved  as  to 
the  manner  in  which  they  cast  the  great  steel  ingots  from  which  the  heavy  cannoni 
were  made.  In  everything  ebe  they  were  quite  willing  to  answer  every  question  sskefl 
of  them. 

"From  Essen  I  returned  to  London  and  the  other  members  of  the  party  after 
visiting  other  points  returned  to  Paris  and  after  a  few  days  returned  again  to  London. 
We  then  called  upon  the  firm  of  Tennant  &  Sons,  to  whom  the  Sudbury  people  had 
been  making  shipments  of  matte.  Sir  Charles  Tennant  is  president  of  the  Sted  Worb 
of  Scotland,  of  which  Mr.  James  Riley  is  manager.    He  is  the  man  who  made  the  rsp«rt 


he  experiments  with  nickel  and  ateel  herewith  enclosed.  This  firm  told  ub  thej 
rudy  to  at  once  convert  their  steel  wo^ks  into  a  ferro-nickel  plant  if  they  could 
obtain  a  supply  of  nichel,  and  were  very  anxious  to  obtain  sole  control  of  the 
t  of  the  Sudbury  mines.  They  said  they  had  an  order  for  4,000  tons  of  ferro- 
.  plates  for  a  tranaatlantic  steamship,  but  had  no  niekel  with  which  to  make 
This  is  the  trouble  with  all  these  works,  there  is  no  nickel  on  the  market  to 
1  this  alloy.  Formerly  the  use  of  nickel  has  been  very  limited,  the  oonanmptioB 
I  world  being  only  about  oni>  thousand  tons  per  annum,  nearly  all  of  which  hu 
used  in  the  manufacture  of  German  silver  and  coins,  the  new  use  in  alloys  makes 


Eiley,  Glasgow,  Scotland,  whose  paper 
.re  the  Iron  and  Steel  Institute  of  Great 

uee  of  nickel 


Alloys  oi  Nickel  and  Slet'l,  read  in  May,  1889, 
itain,  marked  the  beginning  of  the  modern 
of  high -class  steel. 


at  demand  and  finds  the  market  without  any  supply.  We  were  told  in  Paris  that 
m  tons  of  this  metal  could  be  had  in  the  whole  of  Europe, 

Outside  of  Sudbury  there  is  not  at  present  produced  more  than  1,200  or  1,400 
if  nickel  in  the  world  and  the  French  Government  h  uain^  fully  one-third  of  that 
at  in  the  manufacture  of  cartridijc  -shells.  If  the  Sudbury  Company  extend  their 
\  as  purposed  they  will  be  producing  ten  times  as  much  nickel  as  the  other  mines 
e  world.  The  utility  of  this  alloy  ^eems  everywhere  to  bo  fully  conceded  and 
Dg  seems  to  remain  to  bring  it  into  important  use  but  a  sutBcient  supply  of  the 
■ial. 

'From  London  we  went  to  Swansea,  which  is  the  great  copper,  gold,  silver  and 
1  smelting  and  refining;  centre  of  Europe.  We  stopped  with  Sir  Hussy  Vivian. 
is  the  largest  smelter  in  Ensland  and  employs  3.000  men.  He  is  treating  a  large 
nt  of  the  Sudbury  mattes  and  is  so  much  pleased  with  them  that  he  has  purchased 
is  known  as  the  Murray  mine  li)cated  upon  the  lino  of  the  Canadian  Pacific 
ray  about  three  miles  west  of  Sudbury,  and   is  putting  «v  »  WTivatft  *\.  Vii*  -tav&fs 

1 2«.  (ni) 
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to  smelt  the  ores  and  ship  the  matte  to  his  works  at  Swansea  to  be  refined.  He  ex- 
pressed the  highest  opinion  of  these  properties  and  a  desire  to  be  connected  with  them. 
^'Coming  back  from  London  we  called  at  the  office  of  the  Rio  Tinto  Copper  Mines. 
These  mines  are  located  on  the  southern  coast  of  Spain  about  30  miles  in  a  direct  line 
from  the  town  of  Huelva.  The  directors  of  this  company  invited  us  to  go  and  viut 
them  and  we  did  so.  These  are  the  largest  copper  mines  in  Europe.  They  have  beeo 
worked  more  or  less  for  two  thousand  years,  successively  by  Phoenicians,  Romans, 
Goths,  Huns,  Moors  and  Spaniards,  and  now  by  an  English  company.  They  are  Tory 
large  deposits  of  low  grade  ore  averaging  only  2^  per  cent,  copper.  We  were  very 
kindly  entertained  by  the  company  upon  our  arrival  and  were  shown  their  whok 
process.  They  mine  about  one  and  a  half  millions  of  tons  per  annum.  Part  of  thii 
is  shipped  to  the  sulphuric  acid  makers  in  England,  Scotland  and  the  United  States, 
and  the  balance  is  either  reduced  to  matte  by  smelting  in  the  furnace  upon  the  ground 
and  the  mattes  sent  to  the  company's  refining  furnaces  rear  Swansea,  or  the  couper 
is  leached  out  of  the  ore  after  first  beins  roasted  and  then  precipitated  upon  iron. 
The  company  employ  at  the  mine  and  at  the  refining  works  12,000  men.  They  hare  a 
share  and  a  bonded  capital  of  $35,000,000,  and  in  1888  they  paid  a  dividend  of  17  per 
cent,  upon  their  stock.  Any  description  of  the  great  establishments  and  mines  visited 
beyond  the  mere  outline  given  would  exceed  the  limits  of  a  report. 

''From  all  the  data  we  could  obtain  I  was  convinced  that  Sudbury  could  compete 
with  any  place  in  tlie  world  in  the  production  of  copper  and  that  it  could  produce 
nickel  for  about  one-half  the  price  at  which  the  French  company  could  produce  it. 
The  best  evidence  I  could  obtain  of  the  real  importance  of  the  Sudbury  mines  was  tlie 
manifest  desire  both  in  England  and  upon  the  continent  of  the  largest  smelters,  and 
consumers  of  both  copper  and  nickel  to  become  the  owners  of  the  mines  or  to  control 
their  output.  Mr.  Ritchie  has  furnished  me  with  the  most  minute  details  of  the 
expense  of  producing  their  material,  and  by  comparing  these  figures  with  those  published 
by  the  larger  companies  in  Europe,  I  cannot  escape  the  conclusion  that  this  enterprise 
is  one  of  the  most  important  in  Canada.  Taking  the  three  companies  together  I  beliere 
there  are  only  two  others  whiclf  are  likely >to  exceed  them  in  importance,  and  they  are 
Canada's  two  principal  railway  Systems.    ^  , ' 

'I  intended   that  my  report  should  stop  here,  but  Mr.   Ritchie   asked   me  to  go 
with  him  to  Birmingham  and  Sheffield,  and  I  did  so.^    At  Birmingham  we  called  upon 
Messrs.  Henry  Wiggin  &  Co.     They  and  Sir  'Hussey  Vivian,  of  Swansea,  are  the  two 
principal  nickel  refiners  in  England,  outside  of  those  owned  by  the  French  company. 
They  expresesd  the  strongest  desire  to  become  identified  with  the  Sudbury  company. 
They  were  the  most  frank  and  unreserved  about  the  cost  and  manipulation  of  this  metal 
in  its  refining  processes  of  any  people  we  had  thus  far  met.     They  were  also  treating 
the  Sudbury  mattes  while  we  were  there.     From  Birmingham  we  went  to  Sheffield  and 
visited   the  great  crucible   steel   works  of   William  Jesscp  &  Sons.     These  works  have 
been  in  operation  for  a  hundred  years  and  are  probably  the  most  famous  for  the  high 
character  of  their  steel  of  any  works  in  the  world.     Their  manager,  M.  J.  F.  Hall  has 
quietly  for  the  last  two  years  been  experimenting  with  nickel  as  an  alloy  with  sfceel, 
and  has  produced  the  most  wonderful  results.     I  was  shown  pieces  of  steel  containing 
no    more   than   five   per   cent,    of    nickel    and   only    cne    inch   square,    which    showed  ^ 
tensile  strength  sufficient  to  lift    and    support    two    locomotives    with    thcar    tenders. 
These  are  the  most  wonderful  results  ever  obtained  from  steel  in  any   form,  so  I  an 
informed.      A   hundred   pound  gun  is   nearly   completed  by   this  firm   for   the  British 
Government,  and   they  told   me  they   had   orders  for  thousands  of  tons  of  this  nickel 
steel  but  had  no  nickel  with  which  to  make  it.     The  firm  took  much  pains  to  show 
us  everything  connected  with  the  process  of  producing  this  metal  and   answered  un- 
hesitatingly every  question  asked  of  them.     Mr.  Hall  was  not  present  when  we  were 
there  but  came  to  London  the  next  day  to  see  me,  and  he  and  Captain  Buckingham, 
who  represents  the  United  States  ^^vy,  and  Mr.   Ritchie  aU  met  in  my  office.    Mr. 
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Hall  brought  the  samples  with  him  from  which  such  wonderful  results  were  obtained^ 
and  gave  Captain  Buckingham  and  myself  the  fullest  information  regarding  all  his 
processes  and  results.  The  Captain  declared  that  the  success  of  such  experiments 
would  revolutionize  the  whole  art  of  gun-making  and  the  manufacture  of  armor  plates. 
Mr.  Hall  said  their  whole  operations  were  at  a  stand-still  for  want  of  nickel;  but  he 
had  orders  for  many  thousands  of  tons  of  this  steel  and  could  do  nothing  with  them 
for  lack  of  the  nickel;  that  he  could  furnish  any  amount  both  to  the  Government  and 
to  individuals. 

"Such  being  the  conditions  of  the  market  for  this  metal,  and  Canada  owning  the 
governing  supply  of  the  world,  I  have  asked  myself,  'Why  cannot  Canada  herself  make 
this  steel  P' 

"There  is  not  a  doubt  that  the  best  people  in  England  would  readily  join  in  the 
enterprise.  In  answering  this  question  the  item  of  fuel  at  onoe  comes  up,  and  I  learn 
upon  inquiry  that  Chicago  has  the  largest  steel  and  rail  mills  in  the  United  States. 
She  hauls  all  her  coke  with  which  she  reduces  her  ores  aud  melts  her  pig  iron,  from 
DonnellsTille  in  Pennsylvania,  a  distance  of  over  500  miles.  She  also  hauls  her  ores 
to  her  mills  and  furnaces  from  the  mines  in  Michigan,  a  distance  of  over  400  miles. 
Canada  can  obtain  coke  from  Pennsylvania  at  a  haul  of  not  more  than  400  miles  to  the 
ores  of  Hastings  county.  A  steel  works  located  in  this  neighborhood  would  have  the 
Dres  immediately  at  the  place  where  they  would  be  reduced.  Why  then  should  not 
Canada  utilise  these  iron  ores  and  these  nickel  ores  and  make  this  ferro-nickel  upon 
ber  own  territory  P  Why  should  she  not  go  farther  and  make  this  nickel-eteel  and  this 
armor-plate  upon  her  own  territory?  If  the  Government  takes  the  proper  action 
there  is  no  doubt  that  the  best  skill  and  the  strongest  financial  backing  in  England 
Dould  be  had  to  carry  it  on,  and  it  really  looks  as  if  it  were  possible  for  Canada  to 
sontrol  the  character  and  efficiency  of  the  guns  and  the  navies  of  the  world.  I  am 
led  to  say  this  much  from  the  statements  of  every  expert  with  whom  I  have  talked. 

"The  condition  of  the  iron  market  here  is  unusually  favorable  for  enlisting  the 
oecessary  capital  for  an  enterprise  of  this  kind.  The  curious  state  of  affairs  is  now 
presented  here  of  iron  being  higher  in  England  than  in  the  United  States.  I  enclose 
jrou  slips  from  the  papers  showing  the  conditon  of  the  market.  Everywhere  I  have 
been  on  the  Continent  the  same  condition  of  the  trade  is  found.  I  cannot  but  feel 
Sihat  it  is  Canada's  golden  opportunity  to  move  and  produce  her  own  iron  and  steel 
18  well  as  nickel  steel  for  other  countries.     (Sgd.)    Charles  Tupper." 

London,  November,  1889. 

Cost  of  Producing  Matte  in  1889 

For  use  while  in  Europe,  Mr.  Ritchie  had  armed  himself  with  analyses  of  the 
Sudbury  ore  and  figures  showing  the  cost  of  producing  matte,  etc.  Among  the  state- 
nents  was  one  dat^d  September  18R9,  from  Mr.  H.  P.  Mcintosh,  secretary  of  tho 
Canadian  Copper  Company,  which  is  of  interest  as  showing  the  cost  of  converting 
:;he  nickel  ore  into  matte  at  that  time.     Mr.  Mcintosh's  letter  reads: 

'*S.  J.  Ritchie,  Esq.,  Care  Morton  Rose  &  Co.,  London,  Eng.  Dear  Sir:  In  com- 
3liance  with  your  telegram  of  this  morning  we  enclose  herewith  assay  report  as  follows: 
VLr,  Hoffman's  reports  of  March  16th  and  Oct.  1st  1885;  Prof.  Chapman's  cf  Sept. 
J4th  1885:  Orford  Copper  Co's  reports.  Dec.  1st,  2nd  and  5th  1885;  Sperry's  certs. 
!^os.  2,  3  and  4,  October  28th,  1885,  and  Nos.  7,  8  and  9,  Nov.  9th,  1885;  and  his  certs, 
^ov.  12th  1887.  showing  results  of  silver  assay,  samples  of  fifteen  cars  shinned  to 
S^ickol's  Laurel  Hill  Works  and  complete  analysis  of  copper  ore.  I  have  preserved 
lo  copy  of  the  foregoing,  and  as  they  are  the  only  record  of  the  same,  kindly  preserve 
)r  have  copies  made. 

*'I  also  enclose  a  copy  of  the  report  of  the  Orford  shipment,  also  reports  of 
nonthly  assays  for  the  Copper  Cliff,  Evans  and  Stobie  up  to  t\i^  \%i«^.  va.^. 
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The  itemised  coat  of  matte  is  as  follows: 

Mining  per  ton   $2.79 

Transporting  255 

Crushing  and  loading    386 

Ck>8t  of  ore  per  ton  at  the  roast  heap  $3,431 

Roasting  per  ton  17 

Delivering  from  R.  H.  to  smelter  28 

Smelting   per  ton   1.76 

This  includes  all  fuel,  labor,  etc.  

Cost  of  one  ton  of  ore  in  matte  $5,641 

"The  above  figures  are  based  on  reports  from  the  1st  of  last  Feb.  to  the  Ist  of  last 
month,  that  is,  six  months,  during  which  time  the  average  run  of  the  furnace  was 
6.87  tons  of  ore  into  one  ton  of  matte. 

"Multiplying  $5,641  by  6.87  equals  $38.75  per  ton  of  matte.  This  cost  is  based 
on  the  working  of  one  furnace  to  which  all  the  fixed  charges  of  smelting  are  charged; 
and  now  that  we  have  got  the  two  furnaces  going  the  cost  will  probably  be  reduced  to 
at  least  $35  per  ton,  and  a  greater  number  of  furnaces  will  reduce  it  still  lower  than 
this,  for  there  many  of  the  fixed  charges  that  will  not  be  increased  by  the  inoretse 
of  the  number  of  the  furnaces,  therefore  the  proportion  of  these  charged  to  each  ton 
of  matte  will  decrease  as  the  number  of  furnaces  increase. 

"The  above  remarks  will  also  apply  to  the  cost  of  producing  the  ore,  for  this  cost 
includes  many  items  of  construction  which  will  have  to  be  duplicated,  and  besides  u 
the  production  increases  the  fixed  charges  will  not,  therefore  the  amount  of  these  per 
ton  will  decrease.  We  have  calculated  all  of  our  figures  against  ourselves  so  as  to  hsTS 
our  factor  of  safety  sufficiently  large.     Very  respectfully,  H.  P.  McIntosh,  Sec'y." 

"Frt.  rate  on  shipment  just  leaving  for  Swansea :  $9.13  Sudbury  to  Swansea; 
$7.61  Sudbury  to  Liverpool." 

Mr.  McArthur's  Estimate  of  Costs 

The  possiblity  of  utilizing  the  ores  of  the  northern  nickel  range  has  been  con- 
sidered by  various  parties  ever  since  the  range  was  brought  to  light,  fifteen  yean 
ago,  among  others  by  Mr.  Ritchie  himself,  who  in  1903  carried  on  correspondence  with 
Mr.  James  McArthur,  formerly  for  many  years  general  manager  of  the  Canadian 
Copper  Company,  and  superintendent  of  that  company's  works  at  Copper  Cliff,  on  the 
probable  cost  of  producing  nickel-copper  matte  from  the  ore  bodies  of  that  ranee, 
based  on  his  experience  in  the  Sudbury  region.  Mr.  Ritchie  propounded  a  series  of 
questions  designed  to  cover  the  ground  in  a  letter  to  Mr.  McArthur  dated  14th  Decem- 
ber, 1903,  to  which  the  latter  made  reply  as  follows: 

"S.  J.  Ritchie,  Esq.,  Dear  Sir:  I  have  carefully  noted  your  favor  of  the  14th 
inst.  with  names,  estimated  extent  of  ore  bodies,  and  analyses  of  the  several  proportitf 
therein  mentioned,  which  taking  the  rough  average  of  the  19  assays  as  shown,  would 
give  an  average  value  3.5  nickel  and  1.5  copper.  This  is  a  better  value  than  the 
Canadian  Copper  Co.  could  show  if  they  bunched  all  their  properties  together  for  an 
average  sampling  and  assaying,  which  would  probably  range  round  2.5  nickel  and  3.1 
copper. 

"Commencing  with  the  mining  costs,  I  herewith  submit  approximate  cost  for  ths 
mining  and  treatment  of  600  tons  ore  per  day,  with  a  furnace  concentration  of  sewn 
into  one,  product  36  per  cent,  matta. 
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APPROXIMATE  MINING  COSTS 
Men 

1  mine  captain r $8  00 

200  miners,    helpers,   trammers,    etc.,   average    rate    1  80 

20  rock  house  helpers,  average  rate  1  40 

1  rook  house  foreman 2  00 

1  clerk    (time-keeper)   1  60 

2  hoisting  engineers  2  00 

2  firemen    1  76 

2  firemen   helpers   1  40 


$8  00 

360  00 

28  00 

2  00 

1  60 

4  00 

3  60 

2  80 

409  90 

82  60 

44  00 

229  men  at  an  average  rate  1  78 

or  an  average  of  68  cents  per  ton  of  ore  for  labor. 

Goal  consumption,  16  tons  at  $6.50  (a  high  price)  

400  lbs.  dynamite  at  lie 

Total  cost  for  mining  600  tons  ore   $686  40 

or  total  mining  expense  89.4  cents  per  ton. 

MINING  AND  ROCK  HOUSE  PLANT 

Elstimated  cost  for  an  output  of  600  tons  daily. 
1  rock  house  $3,600  00 

1  crusher  and  engine  2,200  00 

2  mine  skips   600  00 

12  mine  machine  drills  2,700  00 

12  mine  hand  cars  one  ton  capacity  900  00 

1  mine  blacksmith  shop  and  tools  200  00 

1  boiler  and  compressor  house  1,600  00 

3  100-h.p.  boilers   9,000  00 

36,000  brick  at  $8.00  per  M 280  00 

Mason  work  and  mortar  at  $6.00  per  M.  ...  210  00 

1  compressor    4,000  00 

1  mine   hoist   4,000  00 

16  log  houses  at  $250.00  each  3,700  00 

1  log  boarding  house  2,000  00 

Sundries,  such  as  pumps,  trunnels,  sorting 

tables,  wire  ropes,  etc 2,000  00 


Rough  estimate  for  mining  plant  $36,690  00 

Carried  mining  costs   $536  40 

ROAST  YARD  EXPENSE  FOR   ROASTING   600  TONS  DAILY 

Men 
32  at  $1.40  unloading  ore  from  cars,  wheeling  and  building 

same  on  heaps  for  roasting  $44  80 

7  at  $1.40  laying  out  cordwood  into  the  different  beds  and 

roasting  the  same  9  80 

60  at  $1.40  loading  roasted   ore  on  cars,  blasting  the  same      70  00 
1  foreman  2  00 


90.  Labor  item  being  21c.  per  ton  or  $126  60 

Roasting  fuel  for  600  tons  ore,  16  cords  wood 

at    $2.00  per    cord    $30  00 

Blasting,   120  lbs.  dynamite,  lie.  per  lb 13  20 
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Fuel  and  dynamite  being  7  1-6  cents  per  ton. 
Grand  total  for  roasting,  being  28  1-5  cents  per  ton, 

or  in   all   $169  80 

Dwellings,  5  log  houses  at  $260.00  each  1,250  00 

COST  OF  SMELTING  600  TONS  DAILY 

Men 

4  feeders  at  $2.00  $  8  00 

18  charge   wheelers,    $1.75 31  aO 

18  pot   wheelers,  $1.75  81  50 

2  toppers,  $2.00  4  00 

8  slag  elevator  men,  $1.75  14  00 

2  forenven,    $2.25 4  50 

4  inside  laborers,   $1.40   5  60 

2  boiler  firemen,  $1.75  , 3  50 

2  boiler  firemen  help,  $1.50   3  00 

2  engineers,  $2.00  4  00 

6  load,  weigh  and  ship  matte,  $1.40  8  40 

5  unloading  foreign   coke  cars,   $1.40   7  20 

1  unloading  foreign  coal  cars,  $1.40  1  40 

1  watchman  1  40 


75.  Total  smelting  labor  21  §  cents  per  ton  ore  per  day...  128  00 

FUEL  COST 

84  tons  coke  at  $7.00  per  ton   $588  00 

17  tons  coal  at  $6.50  per  ton   93  50 


Total  cost  of  fuel  per  ton  ore  smelted  $1.13,  or  daily...  $681  50 


Grand  total  for  labor  and  fuel  in  smelting,  $1.35  per 

ton  ore $809  50 

Carried  working  costs: 

Mining    $586  40 

Roasting  169  80 

Smelting  809  60 

$1,616  70 
Or  total  cost  of  all  departments,  being  $2  55  per  ton  ore  smelted. 
Add  for  incidentab  20  "  " 


(<  « 


Giving  a  grand  total  of  $2  76 

SMELTER  MACHINERY 

1  furnace  building  and  bins  .' $6,000  00 

1  600-ton  furnace  with  equipments  10,000  00 

1  No.  8  Connorsville  blower   4,000  00 

1  elevated  water  tank  1,600  00 

1  granulating  slag  equipment 2,000  00 

1  office  and  store  house 800  00 

1  laboratory    1,000  00 

100,000  brick  for  chimney  and  dust  chambers,  at  $8.00  per  M.  800  00 

Mason  and  mortar  work  «A.  %^.^  ^«t  M. 600  00 
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1  boiler  blowing  engine  house 1,500  00 

3  100-h.p.  boilers  9,000  00 

1  pump,  1,000  gallons  capacity  2,000  00 

10  log  houses  at  $260.00  each  2,600  00 

1  boarding  house 2,000  00 

Approximate   cost   smelting  plant   $41,300  00 

Approximate  cost   mining   plant   36,690  00 

Approximate  cost  of  total  plant  $77,990  00 

"For  modern  plant  see  J.  P.  Channing,  11  Broadway,  New  York,  who  arranged 
and  built  the  Tennessee  Smelter,  Tonn.    Jas.  McArthur." 

The  ccBt  of  labor  and  possibly  also  of  machinery  and  supplies  has  advanced  since  the 
date  of  Mr.  McArthur's  estimate,  for  which  due  allowance  would  have  to  bo  made  in 
applying;  his  figures  to  conditions  at  the  present  time. 
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Inei  nl^el  mine  23 

In'emaflonal    Niekel    Oo 140 

Finaacial    atatement    ot    141 

OcBanimlon    ot    172 

Iron.  In  matte 162,194 

In  pyrrbotlte  151 

Iron  formation  S.  127 

Iron    ore    , 112,117,144 

See.  alio  magnetite. 
Iron   pyritfle   16.51,75.138 


.   3.   18,  108.   IIG.  119 


Iridlar 
Iglar  ■ 


rive 


.  154 

8,  69.  106 
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Kelly   lake    
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Keweenawan   formation   
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Kronn    Hill   nlchel  mine    

Krnrp.  Priedrloh     

Knptemickcl     
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Lahradorlle ...108.114.115.126 
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r.ady  Mncdonald  lake... 41 

I.adT  Mncdonald  nlokel  mine    41.137 

T,ady    Violet    niokel    mine    40,142 

Lake  depoilts    102 

Lake    Snperlor    Power    Oo    15.65.143 
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In  northern   nickel  range    64.  66 
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I.«gan   sMls i27 

Lower  Hnronlan.      See  Hnronlan.  Lower. 

"r.Mlister.    W.    B 'M 

McAree,    John    135 

yr\  -thnr.  0801.  James 137.140 

Estimafe  of  cost   ot   prodncina   matte      180 

".■"rid".  -Roliert    .,,56.142 

McCharles.     A US 

VcCharlMi  nickel  mine.    See  Horth  Btar. 
MrR,inne11  nickel  mine  .    See  Victoria. 

McConnell.    RtnnMn 170 

"ncdonnld.   Sir   Jobn    175 
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prodncine  matte   179 
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Mafirmatic   seffregation,  theory   of    17,  lb 

Magnesia     109. 14o 

Magnetite  40.  112.  114.  116.  119,  126,  162 

Mailleohort     164 

Malbeof  &  Martin    60 

Malchlte     54, 76,  IZa 

Manh^  converter   141 

Manitoalin  &  North  Shore  Railway   136 

Maroaeite    €0. 168 

Marfirinal    deposits     19 

Massey  oreek   ^ 73 

Mat  e.  analyses  of   152 

Cost  of  producing  in  1889   179 

Estimate  of  cost  for  mining  and  treat- 
ment of  600  tons  per  day   180 

Approximate  mining  costs   181 

Fuel   cost    182 

Mining  and  rock  house  plant  181 

Roast   yard    expense   181 

Smelting     182 

Smel'er    machinery    182 

Medcalf,   J.  H 169 

Meteor  lake 106 

Meteoric  iron   151,   173 

Mica    32.51,133 

Mica  schUt   129 

Mlckle,    O.   R 17.160 

Microcllne     114. 116. 123, 134 

Micropegmatite     .  .3.  48,  73. 107, 110, 114, 115,  124 

Microperthite    123,   129 

Middle  Haronian.    See  Haronian 

Miller,  Prof.   Willet  G..  Reports  of    145 

Miller,  J.   V. Ill 

Millerite    150. 159 

Mine  la  Motte,  Mo  146 

Mining  nickel  ore.  cost  of   180.181 

Mining  plant,  cost  of    181 

Mitchener  nickel  mine  30,  114 

Molybdenite     161 

Mond,    Dr.    Ludwig    142.143 

Mond    Nickel    Oo     15.142.144 

Mond  nickel    refinery    143 

Moore   lake    37 

Moose  lake    73, 115 

Moose  lake    region     68 

Moraines    102 

Morenosite    163 

Morgan    township    68 

Mount    nickel    mine    55,81,144 

Murray  nickel   mine    > .  3. 52,  81, 141,152 

Production    of     156 

Murray  mine  section,  petrography  of  —  103 
VuscoYite    124, 129 

Nairn  Centre,  nickel  deposits  near    145 

Nelson    river    71,105 

New  Oaledonia,  nickel   deposits   of    147 

Competition    of,   with    Canadian    nickel 

industry    149 

Difference  from  Sudbury  deposits  150 

New  Caledonia  Nickel  Co   175 

New  Zealand,  nickel  in    151 

Niccolite.    See  nickelite. 
Nickel- 
Nickel   and  nickel  steel    166 

Alloys    of     164 

Coinage   of 164 

Discovery   of 1 63 

In   pyrrhotite    151 

Production   of    154-1 58 

Cost  of  producing  matte    179-183 

New    Caledonia,    1875-1902    157 

Rudbury  district,  1890-1904    154 

World's   production,    1889-1903    157 

Uses    of    163 

N'ckel    Corporation,    Ltd    140. 172 

Nickel   deposits — 

At  Ramsay  lake    145 

Between  Temagami   and  Net  lakes    145 

Discovery    of     3. 143 

In  Coleman  township    145 

In    Europe    ^ 146 

In  New   Caledonia    l47 

In  New   Zealand    151 

In  ITnifed  States   146 

Near    Nairn    Centre    \^!> 
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Near  St.   Stephens.  N.B   146 

Near   Wahnapitae   lake    145 

On   Disco   Island    151 

Nickel    eruptive,   petrography  of   107-127 

Nickel  field,  development  of 134-166 

Nickel  mines — 

Bi?  Jjevack,  or  Stobie  No.  3  68 

Blesard   56,  81.  142.  152 

Boucher's    145 

Cameron    55 

Chicago,    or  Travers    23.81.144 

Clara    Bell    40 

Copper    Cliff     3.20.42,137,152.156 

Creighton    20, 33.  81, 112,  137. 139>  152. 156 

Cryderman    60, 115 

Elsie    50. 81, 143 

Evans     48, 137,  152, 156 

Frood  or  No.  3  57,  156 

Gertrude    32, 81, 143,  152 

Kirkwood  61,  81 

Krean   Hill    32 

Lady  Macdonald  or  No.  5   41,  137 

Lady    Violet    40,142 

Little    Stobie    56,81,143 

Mitchener    30, 114 

McOonnell.    See  Victoria. 

Mount  Nickel  55,  81.  144 

Murray 3, 62,  81, 141. 152, 156 

North    Star    36,  81. 143 

No.    1    138 

No    2     41,81,114,138,156 

No.   4    138 

Boss    70 

Sheppard  or  DaTis  60 

Stobie     3. 21,  58, 137, 138, 152,  156 

Strathcona    67 

Sultana    22,  80 

Tam    O'Shanter     J7 

Totten    30 

Trtllabelle   64 

Vermilion    31, 81. 152 

Victoria    25, 81, 142, 152. 161 

Worthington    . : 30,  114. 142 

Nickel  steel    164,  166 

Armor  plates,  tested  by  U.  8.  Gov't 171 

Paper  on,  by  A.  L.  Colby   165 

Nickelite     31. 145. 159 

Nipissing   lake    104 

^?v7^.vV. i ^'  "•  ^8,  41.  61.75 

Distribution  of  80 

Creighton    m 

Of  interior    basin    121 

Of  offsets    114 

Of  Northern  range  112 

Of  Southern  range  in 

Older    78,118 

Norman   township    73 

North  Carolina,  niokel  deposits  in   146 

Northern  nickel  range  62-75 

North   Star  niokel  mine   36,81,143 

Norway,  nickel  deposits   of    147 

No.  1  nickel  mine  138 

No    2  niokel  mine    41,81,114 

Production    of    156 

No.   4  nickel  mine   138 

Nonmeaite     "  *  148 

Nystrom,   Brik    ',',,',  144 

O'Connor  shaft 3D 

Octibbeha  Co.,  Miss  . *. *.'..* 151 

Offset   deposits    20 

Norite  of    114 

Oligoclase   123,  134 

Olivine     '.73,84,112,116.186.148 

Omeose 124 

Onaping  river   .6,65 

On  aping  section,  petrography  of 109 

Analysis  of  rock  from   117 

Onaping  tuff     16,  39.  86.  94 

Analysis    of    ^ 132 

Petrography  of iJi 

Ontario    Smelting    Works    !!!..!!  140 

Onwatin   lake    5,75 

Onwatin   slate    10,95 

Petrography  of '  ..'.  13J 

C>T\XiWi\«*% 109,  110,  115,  12a,  184, 118,  134 
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Ore  depoaits.  types  of  19,150 

Marginal     19 

Ofbet 20 

Oregon,  nickel  deposits  of  146 

Orford  Copper  Co 140,  170 

Orford  smelter   60 

Osmium   154 

Orifak,  nickel  deposits  at  161 

Packfong    163 

Palladium,  production  of   166 

Parkes,  Alex 165 

Payne,  H.  B 170 

Pegmatite    41 

PenUandite     14,16,31, 161, 159 

Peridotite  121,  147.  150 

Peters,  Dr.  Edward  D  136, 139 

Petrographical   section   107,  134 

Nickel  eruptive  107 

Sedimentary  rocks   127 

Phyllite   93 

Pillow  structure   52,   60,  78,  121 

Pine    .  .*. 106 

Plagioclase  ....  51,  54,  76,  84,  108,  115,  119.  124 

Platinum  31,  162 

In  matte  152,  154 

In  Sudbury  ores    151',    153 

Production    of    155 

Pleistocene    formation    14.   95.    101 

Polydymite   60.  159 

PorphyriU   9,  48.  60,  84,  119 

Porphyry    38 

Potash   109,  125 

Precious   metals,  in   Sudbury  ores    153 

In  Norwegian  matte   154 

Pomp  lake    , 40 

Pyrites    95,    121,    15b 

Pyritic  smelting    141 

Pyroxene   16.     111.  115 

Pyrrhotite.  14.  15,  34,  74,  78,  111,  116,  146,  158 

Iron  contents  of  151 

Set  also  Nickel  mines. 

Quarts   9,  71,  76,  95.  112,   133.  163 

Quarts-porphyry  38 

Quartsite  9,  39,  60.  71,  77,  100.  127 

Whit6    92 

Queen's   metal    164 

Bailwaya    , 136 

Ramsay  lake  8,  93,  129 

Nickel  deposits  near  145 

Ranger,  Henry  135,  166 

Rapid    river    106 

Refining,    electrolytic    144 

Richards,  Oapt.  52 

Riley,  James  167,  177 

Experiments  with  nickel  alloy  by  170 

Rio  Tinto  copper  mines,  Spain    17^ 

Ritchie.  S.   J 137.   167 

Roast  yard,  expenses  of  181 

Robinson   drift    30 

Rook   formation,  table  of   14 

Roland   lake   70 

Ross  lake    23,  64 

Ross    nickel    mine    70 

Offset  to  70 

Salf emone  121 

Sand  Cherry  river  68.  106 

Sandstone  2.  10 

Chelmsford    96 

Santsuritisation    112 

Sohand,  Germany,  nickel  deposits  at  146 

Schist   9,   39,  57,   116 

Mica     129 

Schneeberg,  nickel  deposits  at 146 

Schwab,   Chas.   M 172 

Sedimentary   rocks    86,   93 

Petrography  of  127 

Sources  and  former  extent  of  100 

Selwyn   lake   73 

Serioite   93,  128 

SerpenUne  94,  108.  132,  146,  148,  160 

Sheppard  or  Davis  nickel  mine  60 

Silica   88,  109 

Silicates    148 

Hydron# 150 


Paob 

Silesia.  Austria,  nickel  deposits 146 

Silver,  in  Sudbury  ores  151,  153 

In  matte  152.  154 

Native    162 

Sih  er-cobalt  ores  i45 

SJos  edt,  Ernest  A 67 

Slate   2,   88,  93 

Onwatin 10,  133 

Slate  conglomerate  71 

Smaltite 145 

Smelter,  Copper  Cliff  141 

Victoria  mines   24,  142 

Smelting,    electric    143 

Smelting^  cost  of  182 

Smelting  operations  of  Can.  Copper  Co...  139 

Soci^t^  Ifixiiere  Caledonienne  140,  172 

soda  109 

Souenite IM 

Southern  range  in  detail  21-62 

Spanish  river,  development  of  power  on..  141 
SperryJlte  31,  164,  155,  161 

Analysis   of    162 

Staurolite  60,  12^ 

Stelznei,  Prof 17 

Stobie,  James    170 

Stobie  nickel  mine 3,  21,  68,  137,  138,  162 

Production  of  I66 

Stobie  No.  3  or  Big  Levack  nickel  mine,  67,  68 

Strathcona  nickel  mine   67 

Analysis  of  ore  from  67 

Stratigraphy  of  nickel  basin  11 

St.  Stephen's.  N.B.,  nickel  deposits  near..  146 

Sudbury  gabbro  area  75 

Sudbury  nickel  district,  minerals  of  . .  158-161 

Bornite   ^ ...  161 

Cassiterite     162 

Chaloopyrite    I6O 

Galena     I6l 

Gangue  minerals  163 

Gersdorffite    I6O 

Gossan  minerals   163 

Magnetite     162 

Marcasite    I68 

Millerite    159 

Molybdenite '  *.  I6I 

Nickelite     159 

Pentlandlte 159 

Polydymite    159 

Pyrite     158 

Pyrrhotite    153 

Sperrylite   '.  151 

Titanif erous   iron  ore .*  .*  162 

Sudbury  nickel  mines,  development  of  . .  134 
Sudbury  ores,  distribution  of  metals  in  . .  151 

Sudbury,  town  of  7 

Sulphides 50,  60,  70.  74.  88,  \\i,  150 

Extent  of   ng 

Sulphur : 
Absence  of  from  New  Caledonia  ores  .     150 

In  matte  152,  154 

In   Sudbury  ores 151 

Sulphur  dioxide 143 

Sultana  nickel  mine  in  80 

Survey,    methods  of    '    7 

Sweden,  nickel  deposits  of  147 

Syenite 9,   nei  123 

Talc 57,  128 

Tam  O'Shanter   nickel  mine  37 

Temagam.i.  nickel  deposits  near 145 

Tennant  A  Sons    176 

Terraces,  table  showing  elevations  of  ....  103 

Thompson.  Bobt.  M 172 

Thorn pson-Thalen  magnetometer 15 

Titanif  erous   iron  ore   162 

Titanium 126 

Topography 4 

To^ten  nickel  mine 30 

Tough,   R.   J '...".".*"  170 

Tracy,  Gen.  B.  P 171 

Travers  nickel  mine  81,  23    144 

Trill  township,  acid  edge  in  '     23 

Nickel   range   in    53 

Trillabelle  nickel  mine  "    63 

Trout  lake   ^ ^j^ 

Trout  lake  conglom«Ta.\/^  \s^,""!A,  ^^ 

PelrograpYiy   ot    VJft 

Tuffs   ..: «L,  ^ 

See  also  Onai^Vns  VoA. 
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Tapper,  Sir.  Chas..  report  by  as  to  use  of 

niokel  in  Europe   174-179 

Turner,  A.  P 1,  140 

Types  of  ore  deposits  19,  150 

TTlke.  Titus,  analyses  of  matte  by 152 

United  States,  nickel  deposits  iu    146 

Teat!  of  armor  plate  by   171 

Upper  Huronian.      See  Huronian. 

Uralite   108.  Ill,  112 

Use*  of  nickel    163 

Varallo,  Italy,  nickel  deposits  at  146 

Vermilion  lake   5 

Vermilion  Uininir  Co 140 

Veimiiion  nickel  mine  31.  81,  153 

\>nn:iion  river  5,  37,  73,  106 

Victoria  nickel  mine  25.  81,  142.  152,  161 

Production    of    156 

Victoria  mine  refirion  24 

Victoria  Mines  station  142 

Vitrophyre  tuff   64,  131 

Vivian.  H.  H.  A  Co 141,  177 

VoBt.  Prof 17,  118,  154 

Volcanic  aih    94 

Waddell  lake    73.  74 

Wahnapitae  lake,  nickel  deposits  near   . .  145 

Wahnapitae  river  106 

Warren   lake    102 

Walker,  Dr.  T.  L.,  on  Sudbury  ores.  3,  11, 

17.  52.  131 

Analyses  by  107.  117,  152 

W.  D.  16  location 72 
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W.  D.  35  location   70 

W.  D.  36  location     70 

W.  D.  37  location  69 

W.  D.  150  location   70 

W.  D.  152  location    114 

W.  D.  155  location    ,  HI 

W.  D.  231  location   69 

W.  D.  234  location   70 

W.  D.  238  location   69 

W.  D.  239  location   70 

W.  D.  241   location    « 

W.  D.  242  location   71 

W.  D.  251  location    K 

W.  D.  252  location  71,  121 

Whartonite    16C 

Whistle  property   7*; 

White    metal    164 

Whitewater   lake    13.   38.  94 

Whitson  lake   6,  14,  62 

Wip^n,  Henry    A  Co 178 

Williams,  Prof.  O.  H 187,  131 

Windy  lake  6,  64,  65 

Wisner  township   71 

Woehlerite    lip 

Worthington  nickel  mine    30.  114,  142 

Worthington  offset    jc 

W.   R.  2  location    Ji 

W.  B.  5  location    T[ 

W.  R.  14  location  Ji 

Yellow   fever    I6f 

Zincblende    71.   9E. 

Zoisite     .'  iii 
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